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cuss the anatomical structure of the most 
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EFFECT OF DIRECT CURRENT ON CELLS OF ROOT TIP 
OF CANADA FIELD PEA 


Henry F. A. MEIER 
(WITH PLATES II, III, AND THREE FIGURES) 
Introduction 


EFFECT OF CURRENT ON LIVING STRUCTURES 


The numerous researches to determine the effect of the electric 
current on plants may be divided into two general classes: first, 
those in which certain organs or entire plants were subjected to 
electricity, the effect being measured by increase or absence of 
growth; second, those in which the effect of the current on the 
individual protoplast formed the basis of study. Among those 
interested in problems of the second class, AMICI (1) as early as 
1818 suggested, although without experimental evidence, that 
protoplasmic streaming was of electrical origin. Impressed by 
Amici’s suggestion, and by the striking results of his own and 
DUTROCHET’S work on the relation of temperature to protoplasmic 
streaming, BECQUEREL (2) attempted to show that the direct elec- 
tric current had the same effect on protoplasmic streaming as varia- 
tions in temperature. He placed cells of Chara in a helix, some 
parallel and others at right angles to the direction of the electric 
current, using a battery of 10-30 elements, without in any way 
influencing the rate of flow. With stronger currents, making 
direct connection with the cells by means of platinum electrodes, 
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protoplasmic streaming was inhibited. After a time the flow was 
resumed. No disorganization of the cells occurred. 

JURGENSEN (12) worked with Vallisneria, noting the effect of 
the direct current on protoplasmic rotation. He placed sections of 
leaves on a special object holder, in distilled water, with copper 
electrodes in contact with the ends of the section. The effect was 
observed with a microscope giving a magnification of 235-680 
diameters. Using 2-4 Grove cells, the speed of rotation of proto- 
plasm was decreased, and long continued exposure to such weak 
currents brought about an inhibition of the streaming. If the 
current was discontinued after slowing down the rotation, but 
before it had entirely stopped, the original speed of rotation was 
reacquired after a time. When rotation had completely stopped, 
even though the current was broken immediately, movement was 
never resumed. Stronger currents produced the same effect as the 
weaker currents in much less time, the current from 30 cells sufficing 
to produce immediate and permanent inhibition of rotation. If the 
current was continued, the protoplasm contracted and gradually 
migrated toward the end of the cell nearest the anode, where it 
formed a dense mass against the wall. At break of current this 
mass would rebound toward the opposite end of the cell. On 
reversing the direction of current the mass migrated toward the 
opposite end of the ceil, that is, toward the now positive end. 
JURGENSEN regarded these phenomena as coordinate with results 
he had previously obtained with unorganized bodies. 

Dv Bots-REyMonpD (7) had previously published similar results, 
experimenting with starch grains in the cells of a section of living 
potato tuber. Movement toward the anode was observed, and, as 
in Vallisneria cells, a reversal of current brought the starch grains 
to the opposite wall. 

KUNE (14), using the direct current on a plasmodium of a 
myxomycete, grown on the slide between platinum electrodes 4 
mm. apart, reported nuclei moving toward the anode, the cytoplasm 
toward the cathode. In the cells of Tradescantia stamen hairs the 
entire cell contents moved toward the anode. The ends of the cells 
toward the cathode changed from their characteristic purple to 
green, and the opposite end changed to a light red color. KUHNE 
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experimented further with the effect of the current on unicellular 
organisms. Using platinum electrodes, he passed a direct current 
through a drop of water containing Actinosphaerium. The first 
visible effect of a weak current was the contraction of the pseudo- 
podia lying in the direction of the electrodes. If the current was 
continued or increased, the pseudopodia lying in the path of the 
current became vacuolated, the vacuoles on the periphery burst, 
and the protoplasm of the rounded central portion of the organism 
began to disintegrate on the side toward the anode. This con- 
| tinued until the whole organism was disintegrated. KWHNE states 
that the phenomena described for Actinosphaerium hold in general 
\ for such forms. 
VERWORN (21) repeated and verified KiHNe’s observations, 
using non-polarizable electrodes and extending the work consider- 
ably, especially with reference to free-swimming protozoa. He 
found in Paramoecium and other free-swimming forms a shrinking 
at the end toward the anode and a swelling at the opposite end, 
which phenomenon he regards as illustrating a general tendency to 
increased contraction on the side toward the anode. He found that 
some protozoa migrate toward the anode, others toward the cathode. 
CARLGREN (3) observed that in Volvox the long axis of the colony 
is placed parallel to the lines of the current, and that there is a 
movement toward the cathode. If the current is long continued, 
the colonies move away from the cathode and sometimes gather at 
the anode. The movement of the flagella on the side toward the 
anode was inhibited, that on the opposite side not affected. Simi- 
larly to VERWORN’s observation on Paramoecium, CARLGREN 
! noticed in Volvox an anodal shrinking and cathodal swelling with 
migration of the colony-forming cells (gonidia) within fixed colo- 
nies toward the anode. It is interesting to note his further 
statement that strong currents produced shrinking and swelling on 
the sides toward the anode and cathode respectively in dead speci- 
mens. Furthermore, he produced this shrinking and swelling in 
dead Paramoecia and Amoebae. CARLGREN concludes that the 
physical effect of the current (electrophoresis) accounts for many 
of the supposed stimulation effects on free swimming forms, and 
that it plays a large part in electrotaxis. 
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DALE (6) experimented with the effect of the current on five 
different species of infusoria found parasitic in the intestine of the 
frog. The organisms were exposed to the current in various solu- 
tions: neutral isotonic saline, slightly acid, and slightly alkaline 
solutions (using litmus as indicator). The organisms were exposed 
to the current in a trough with unglazed earthenware sides about 
I cm. apart, mounted on a slide, the ends of the trough being made 
of sealing wax. Non-polarizable brush electrodes carried the cur- 
rent to the porous earthenware sides. The results were very inter- 
esting. Inslightly alkaline solution the organisms migrated toward 
the anode; when in slightly acid solution, toward the cathode. It 
is true that not all of the five species examined were equally sensitive 
to the acid and alkali treatment; that is, it required longer treat- 
ment in the solutions for some species than for others in order to 
produce the same effect. In more concentrated salt solutions 
(good electrical conductors) the migration of the organisms was 
inhibited. 

More recently LILLIE (15) exposed to the direct current various 
animal structures: isolated nuclei, nuclei of spermatozoa, small 
leucocytes, and nuclei from lymphoid tissue, also muscle cells teased 
out in sugar solution, red blood corpuscles, and larger forms of 
leucocytes. These were suspended in N/4 cane-sugar solution 
(iso-osmotic with physiological salt solution). In freshly drawn 
frog’s blood, the majority of the red corpuscles moved slowly (at an 
average speed of 120-130 uw per minute) toward the anode, many 
showed no migration whatever, and a few moved toward the cath- 
ode. The minute lymphocytes moved more rapidly toward the 
anode at a speed of 1500 uw per minute. The medium sized leuco- 
cytes were usually slightly negative (moved toward the anode) or 
indifferent. The larger leucocytes, however, with more cytoplasm, 
were in almost all cases decidedly positive (moved toward the 
cathode). The nuclei obtained by teasing thymus gland and the 
heads of spermatozoa moved rapidly toward the anode. The rate 
of the latter was about 2.0mm. per minute. LILLIE’s conclusion, 
that “‘the direction and speed of living cells and portions of tissues 
are chiefly dependent on the electrical characteristics of their con- 
stituent colloids,’’ seems justified. 
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In 1914 Harpy (9) published a short note on the migration under 
influence of the direct current of the contents of cells of the onion 
root tip. His methods and results were briefly as follows. The 
roots were placed horizontally between non-polarizable electrodes, 
the final lead to the tissue being some of the fluid in which the roots 
had been growing. As to the density of current used and the time 
of exposure, the author states: ‘A field of 5-20 volts per cm. was 
established for from 1 to 10 minutes, when the root was instantly 
fixed in acetic-absolute. Strength of field to which the living 
matter was actually exposed cannot be calculated.” The effect 
produced was uniform, and varied only with intensity of current 
and time of exposure. The nucleus was usually slightly drawn out 
from a sphere to an ellipsoid, with the long axis parallel to the 
direction of the current flow. The nucleus maintained its position 
in the middle of the cell. The cytoplasm collected usually at the 
end of the cell toward the cathode, although frequently condensed 
into an equatorial plate. Within the nucleus the bulk of the solids 
collected at the side toward the anode. The nucleolus usually 
migrated toward the anode. No influence was exerted on division 
figures, spindles and chromosomes showing no sign of orientation 
or displacement whatever. 

A careful review of the literature of this type of work reveals 
that current intensity was seldom measured accurately, and in 
most cases even when measured the results are not always repro- 
ducible because the organisms or organs studied were usually 
mounted in water, which acts as a partial conductor of current 
(conductivity varying with quantity of liquid used, electrolytes 
present, temperature, etc.), and in such experiments it is impossible 
to determine what part of the current flowed through the plant 
and what part through the water. 


EFFECT OF CURRENT ON PARTICLES SUSPENDED IN LIQUIDS 


The fact has long been known that finely divided particles 
suspended in water or other poorly conducting media will migrate, 
if the electric current is passed through the liquid, toward one or 
the other of the electrodes. Suspensions in water of starch, par- 
ticles of paper, earth, asbestos, finely divided gold and copper all 
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move toward the positive pole. The particles of methyl violet, 
magdala red, lead, and bismuth move toward the negative pole. 

Reuss (20) of Moscow seems to have been the first to discover 
the phenomenon of electrical migration variously known as electro- 
phoresis or cataphoresis. He found that when two poles of a 
battery are immersed in a liquid and separated by a membrane the 
liquid will move through the membrane toward one of the two 
electrodes, and consequently the levels on the two sides of the 
membrane will not be the same. He discovered furthermore that 
while water moved toward the cathode, particles of various sub- 
stances suspended in the water moved toward the anode. 

That not all liquids migrate toward the cathode was first 
announced by QUINCKE (19). Oil of turpentine and absolute ethyl 
alcohol ‘‘that contained an organic impurity’ migrated toward the 
anode. ‘That the nature of the containers plays a part in deter- 
mining the direction of flow was shown by the fact that in a glass 
tube lined with sulphur, oil of turpentine changed about in its 
direction of flow and migrated toward the negative pole. Water, 
however, was uninfluenced by the sulphur-lined tube and migrated, 
as in glass, toward the negative pole. The inhibiting influence of 
electrolytes on the movement of particles in suspension in an 
electric field was discovered by JiiRGENSEN (11). Suspensions of 
carmine in solutions of sulphuric acid, copper sulphate, and sodium 
chloride gave no evidence of movement when subjected to the 
current. On dilution of the easily conducting solutions, the par- 
ticles again responded to the current. 

That water, when absorbed by a semisolid material, will migrate 
was shown by Du Bots-REYMOND (7). Incidental to this work was 
the invention of the non-polarizable electrode, which consists essen- 
tially of a short glass tube plugged at one end by moist kaolin, or 
by a camel’s hair brush. Above the kaolin the tube is filled with a 
solution of ZnSO, into which dips an amalgamated zinc rod which 
is connected with the source of current. The semisolid used by 
Dv Bors-REYMOND was a cylinder of egg albumin. The non- 
polarizable electrodes were brought in contact with the ends of 
the cylinder, and in passing the current the end in contact with the 
positive electrode developed a constriction a short distance from 
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the surface of contact with the clay. The constriction became 
hard to the touch, the remainder of the cylinder swelling somewhat. 
When the current was reversed, the constricted end became soft 
and enlarged and the opposite end became constricted. 

In repeating a part of JURGENSEN’S work, QUINCKE discovered 
that not under all conditions do the particles in suspension move 
toward the positive pole. Starch grains in water in a glass tube, 
as well as particles of silk, cotton, and paper migrated toward the 
positive pole when suspended in water, and toward the negative 
pole when suspended in oil of turpentine. The theory in explana- 
tion of these phenomena of poorly conducting liquids migrating in 
one direction and suspended particles in the opposite direction under 
the influence of the electric current, was propounded by HELMHOLTz 
(10). The fundamental assumption of this theory is that at the 
surface of contact of any suspended particle there exists a double 
electric layer. If the particle bears a negative charge, the layer of 
medium immediately surrounding it bears a positive charge. On 
passing the current a displacement of one system against the other 
takes place, the liquid particles migrating toward one pole, the 
suspended particles toward the opposite pole. How the charge 
originates is not explained. 

An explanation of the movement in opposite directions of oil of 
turpentine and water, and substances suspended in them, was first 
‘ suggested by CoEHN (5). He showed that with reference to the 
sign of the charge of a solid in contact with a liquid, the substance 
with the greater dielectric constant is positive to the other sub- 
stance. The dielectric constant of oil of turpentine is 2.23, thait of 
glass 4-7 (according to composition), and that of water is 81. In 
agreement with this explanation, glass is positive in oil of turpen- 
tine and negative in water. Water has a much higher dielectric 
constant than most other substances, and, as we have seen, most 
substances are negatively charged in water. 

Observations on electrophoresis in colloidal ‘‘solutions”’ or sols 
were published by Picton and’ LINDER (18) in 1892. Such colloidal 
sols consist essentially of very finely divided ultra-microscopic 
particles suspended in a liquid. Since LinpDER and Picron’s publi- 
cation the work has been much extended, and the conclusions seem 
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inevitable that each colloidal particle bears a surface charge, which 
in some cases is negative and others positive, as indicated by the 
characteristic differences in the migration of different colloids. 
Furthermore, the researches of LINDER and Picton show that the 
sign of charge possessed by the particles in a hydrosol bears a 
definite relation to the chemical composition of the particles, acid 
particles bearing a positive charge and basic particles a negative 
charge. . 

PERRIN (17) extended the work and formulated the following 
rule: ‘In the absence of polyvalent radicals, all non-metallic sub- 
stances become positive in liquids that are acidic and negative in 
liquids which are basic.” P 

Harpy (8) found that colloidal particles of derived albumins 
“move with the negative” (that is, they bear a negative charge 
and move toward the positive electrode) ‘if the reaction of the 
fluid is alkaline, with the positive stream if the reaction is acid.” 

The present work was undertaken with the idea of determining 
in a more or less quantitative way the effect of the direct electric 
current on the protoplast, the actual amount of current flowing 
through the organ being under control at all times. The investi- 
gation consists of two phases: first, that of cytological effect pro- 
duced; and second, the combining of two factors, time and current 
intensity, to produce death of the protoplasts. 


Materials and methods 


Young seedlings of Piswm sativum of the variety known as 
White Canada Field Pea were chosen as the best material for this 
work, although onion, lupine, and Scarlet Runner bean were tested 
and the same cellular phenomena produced. The pea seedlings 
were grown in moist sawdust in ordinary 8-inch flower pots. The 
seeds were soaked in water for 12-24 hours, when all those not of 
uniform size were discarded. The hulls were removed and the 
seeds planted in the moist sawdust with the radicles pointing down- 
ward. The pots were then placed in the greenhouse. This method, 
if the moisture conditions of the sawdust are correct, will produce 
uniform germination and seedlings with straight radicles. Two 
lots were planted each day, one in the morning and one in the 
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evening, giving a choice of between 200-400 seedlings perday. The 
pots of seedlings were carried to the laboratory where the experi- 
mental work was done. In subjecting the seedlings to the current 
the following method was employed. The seedlings were subjected 
to the current one at a time in a moist chamber (text fig. 1) made 
of plaster of Paris and consisting eo“ 
of a box 18 cm. high, 10 cm. wide, / 
and 7-cm. deep with one side open. 
A slab of plaster of Paris, cast | 
to fit closely, was set against the 
open side to serve as a door. t | 
Through the top of this chamber 
the two non-polarizable electrodes it 
were inserted. These were made | . 4 
as described earlier, but in actual 
practice it was also found that 
inserting the copper conducting 
wires without the zinc and zinc 
sulphate gave no polarization 
within 30 minutes, and with fre- 
quent changes of the moist kaolin 
was regarded as entirely safe. 
Before setting up the elec- L 
trodes, the moist chamber was 
placed in water for 20-30 minutes. 
This insured against the roots : Fic, 1.—Moist chamber for expos- 
being expose drying roots E, Ex, wires 
o moist kaolin through glass tubes; 
phere while being exposed to the 4, D, kaolin in contact with extremes 
current. The arrangement of the of seedling; C, root of seedling; B, glass 
conducting wires, together with fr sings in postin 
resistances and measuring instru- electrode by rubber bands. 
ments, are diagrammed in text 
fig.2. B and B', represented as binding posts in the diagram, con- 
sisted in reality of an ordinary lighting socket with key. From 
this socket a cord connected to an ordinary wall socket served as a 
source of current from the 110-120 volt direct current circuit. In 
some cases for added resistance a series plug with 4, 8, or 16 candle 


gall 


122 BOTANICAL GAZETTE [SEPTEMBER 


power lamps was introduced at the wall socket. The current source 
in all cases, however, was the same. The sliding contact rheostat R 
has a resistance of 1770 ohms and a capacity of 0.45 amperes; while 
R* has a resistance of 464 ohms and a capacity of 1.2 amperes. The 
voltmeter V was attached to the binding posts C, C'. The milli- 
volt meter A (text fig. 2) was of Weston Electrical Instrument 
Company manufacture, with an upper range of 150 milliamperes 
and a lower range of 1.5 milliamperes. M represents the moist 
chamber. 

The seedlings were carefully lifted from the sawdust, the adher- 
ing particles brushed off with a small camel’s hair brush, the length 
measured with a small millimeter rule, and then by means of 
tweezers they were placed on the small glass fork which served as a 


Fic. 2.—Apparatus and measuring instruments 


support and which was attached to the upper electrode by means 
ofarubber band. The cotyledons of the seedling were now brought 
in good contact with the moist kaolin of the upper electrode, and 
the lower electrode (shaped like the letter J) moved upward so that 
the kaolin came in contact with not more than the first millimeter 
of root tip. ‘The door was now placed in position and the current 
turned on with the key of the socket at B, B'. The time of exposure 
was measured with a stop watch. During exposure voltage and 
amperage were read on the instruments. 

For the cytological phase of the investigation the roots, imme- 
diately after exposure, were killed in Flemming’s fluid. It should 
be stated that control seedlings were suspended in the moist cham- 
ber, in every case, near those being exposed to the current, and the 
roots killed and sectioned as the treated roots for comparison. 
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For that phase of the investigation relating to current intensity 
and time of exposure required to produce death, the seedlings were 
placed immediately after treatment in moist pine sawdust in glass 
battery jars. A stick the size of a lead pencil was pushed down 
next to the glass, the seedling placed in the opening thus made, and 
the sawdust carefully brought around the root. Figures on labels 
placed above each seedling served for identification when obser- 
vation was again made, usually 24 hours after treatment. From 
4-6 controls were placed in each jar of 12-15 treated seedlings. 

All seedlings were carefully selected with special reference to 
length and diameter, those not corresponding to type being rejected. 
Only roots of 15-20 mm. length were used and of diameter as nearly 
uniform as examination without actual measurement could select. 
No practical means suggesting itself of measuring the diameter of 
the roots before exposure to current, the approximate diameter of 
the roots used was found as follows. Free-hand sections were made 
of 125 roots (carefully selected as if for treatment with the current), 
3-4 mm. from the tip, the sections placed in a drop of water on a 
slide and diameter measured under the microscope with eyepiece 
micrometer. It was found that all fell within the following meas- 
urements: long diameter, 1.03-1.18 mm; short diameter, 0.84—-0.96 
mm. It will be seen from these dimensions that the roots were 
somewhat flattened. The cross-sectional area of the roots varied 
then from approximately 0.7 sq. mm. too.gsq.mm. The diameter 
is an important factor, since on it depends the density of any given 
current intensity per unit area. It should be understood that 
these ranges are the extremes, the majority exhibiting no such 
variation as the extremes might indicate. 

With the method described the actual current flowing through 
the tissue can be measured and read from the milliammeter, and 
calculated for the unit area. More or less just criticism is often 
made of the method of exposure to current of unicellular organisms 
in electrotactic experiments when the material to be examined is 
placed in liquid. The amount of current flowing through the 
organism depends therefore on whether or not the liquid surround- 
ing it is a good conductor. If the liquid medium is a poor con- 
ductor, the current will pass in large measure through the organism; 
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if the opposite be true, very little if any of the current will pass 
through the organism. It is very evident that, since the conducting 
power of the medium is vastly increased by small amounts of 
electrolytes, the conductivity of the liquid is an ever-changing 
value. It is likewise evident that the same objection applies to 
roots in water through which the current is passing. Furthermore, 
the literature of electro-physiology is filled with references to cur- 
rent strength as weak, medium, strong, or with the mere statement 
of the number of cells used, with no statement of resistance in the 
circuit, so that actual current intensity cannot be determined, and 
difficulty is experienced in even approximating the conditions of 


the experiment. With the materials and methods just described 
these difficulties are avoided. 


Observations 
KILLING EFFECT OF CURRENT 


If a seedling with a root of 15-20 mm. in length and of 0.7-0.9 
sq. mm. in cross-section is exposed in the manner described to a 
current of 0.3 milliampere, the following changes take place. In 
about thirty seconds the root begins to lose its normal color and 
becomes watery in appearance. If the current is continued for 
two minutes or longer, numerous very fine droplets of liquid appear 
over the surface 3-6 mm. from the tip. If the current is now 
stopped and the root tip tested, it will be found to be quite flaccid. 
Furthermore, measurement shows that the root is now from 0.5-1.0 
mm. shorter than before the current was passed. An exposure of 
a longer period than two or three minutes results in the root becom- 
ing more or less translucent, and on testing after such longer 
exposure it is found to have become even more flaccid. In the 
preliminary experiments roots were treated with varying amperage 
and for different time periods, then fixed, sectioned, and stained. 
While the cytological pictures were similar except as to degree of 
intensity of results, they were not comparable with each other; for 
example, it was difficult to produce the same result with a 0.4 milli- 
ampere current and a o.5 milliampere current by varying the time. 

After much experimentation, in an effort to arrive at somewhat 
comparable cytological results, had ended in failure, it was found 
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possible to establish in a fairly definite way the quantity of current 
and the time required to produce death of the root. This was 
accomplished by numerous trials using a constant amperage, and 
varying the time factor until exactly the time exposure required 
(using that particular amperage) to produce death was determined. 
This method yielded comparable cytological results. Current and 
time factors were varied from 0.6 milliampere for fifty-two seconds 
to 0.05 milliampere for thirty to thirty-five minutes. Longer expo- 
sures were also made for as long as two hours at 0.01 milliampere. 

In the determination of whether or not a certain exposure to 
current produced death, roots immediately after treatment were 
planted in moist sawdust as previously described. Examination 
was made after a lapse of twenty-four hours and record of condition 
made. Roots so treated, current intensity of 0.3 milliampere for 
two and a half minutes or longer, will after twenty-four hours appear 
a chalky white at extreme tip and exhibit considerable shriveling 
in the region of rapid elongation. If such a root is tested by being 
drawn lightly between thumb and forefinger, it offers little resist- 
ance, and flattens readily. It is quite evident that the entire root 
tip of 1.5 cm. is dead. If subjected for a less period than two and 
a half minutes to this current intensity, a majority of the roots will 
show the shriveling in the region of rapid elongation and above, but 
the first 4-5 mm. of the root will be more or less translucent, quite 
different in appearance from the chalky white previously described, 
and quite firm to the touch. It is evident in these cases that such 
roots are dead above the first 4-5 mm. of the tip, and that the cells 
are still in a living condition in the extreme tip. This conclusion 
is further strengthened by the fact that in a great many cases these 
roots will show curvatures at the tip. These curvatures take no 
specific direction with reference to how the current is applied. The 
seedlings were always set into the apparatus with the cotyledons 
toward the front, yet the curvatures appeared in every plane, and 
varied from a slight crook to a right angle curve, or in some cases 
even a bending back on the main axis toa U-shape. These curva- 
tures suggest unilateral injury which stained preparations in no 
case reveal, and indicate a problem of great interest upon which 
it is planned to do further work. 
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The criteria by which a root was judged to be dead, living, or 
partly dead are the following. When a root after twenty-four 
hours was distinctly shriveled and drying in the upper region, that 


TABLE 


I 


CURRENT 0.6 MILLIAMPERE, 120 VOLTS; CRITICAL TIME 52 SECONDS 


used current — curvature only aie 
5 15 +0.5 4 5 ° 
5 30 +0.2 3 5 ° 
5 40 —0.4 4 4 I 
5 v 45 —0.5 3 5 ° 
5 50 —0.4 3 3 2 
Gis 6 50 —1I.0 2 2 4 
10 52 —I.1 ° ° 10 
10 v 52 —1.2 I I 9 
10 v 55 —1.3 ° ° 
5 60 —o.16 ° ° 5 
TABLE II 
CURRENT 0.5 MILLIAMPERE, IIO VOLTS; CRITICAL TIME 6 5 SECONDS 

used current curvature only 
5 20 +1.0 3 5 ° 
5 40 3 4 I 
5 45 —0o.2 4 4 I 
5 50 0.0 4 4 I 
5 55 —0.1 3 4 I 
10 60 —0.3 I 2 8 
Oy 15 60 —0.6 5 4 II 
16 60 —0.7 3 6 10 
12 65 —0.7 I I II 
Be) 65 —I.I ° ° 10 
5 70 —o.8 ° ° 5 


portion was regarded as dead. 


In not a single case in all tests made 


did this part revive after having reached this stage. A chalky 
white appearance of the first 4 or 5 mm. of tip, together with the 


ge 
‘ 
) 


1921] MEIER—ROOT TIP 127 


exhibition of loss of turgidity, by showing little resistance to flat- 
tening by gentle pressure (being drawn between thumb and fore- 
finger) was regarded as evidence that this portion of the root was 


TABLE III 
CURRENT 0.4 MILLIAMPERE, 100 VOLTS; CRITICAL TIME 90 SECONDS 
Number | Direction Time of i, rpm ot Number Dead Dead 
Lot number of roots of —" gain (+) | showing above — 
used current curvature only aha 
6 30 +1.1 4 6 ° 
6 35 +2.0 5 6 ° 
5 4° +1.4 3 5 ° 
8 45 +0o.8 5 8 ° 
6 v 50 +1.5 3 6 ° 
6 55 —o.1 3 5 I 
6 60 —0.5 2 4 2 
12 65 —0.5 7 9 3 
12 70 —0.5 6 8 4 
6 70 —0.3 5 5 I 
6 75 —0.5 4 6 ° 
13 80 —0.0 5 8 5 
10 v go —1I.0 ° 10 
2G, 26. 21 go —0.7 2 2 19 
TABLE IV 
CURRENT 0.3 MILLIAMPERE, 90 VOLTS; CRITICAL TIME 2 MINUTES, 30 SECONDS 
Number | Direction Time of Tags od Number Dead Dead 
Lot number of roots of ~~ gain (+) | showing above — — 

used current curvature only 
6 50 +1.5 3 6 ° 
6 120 —0.5 2 4 2 
6 120 —0.3 4 5 I 
16 135 —0.5 ° 6 10 
7 v 135 —0.7 2 3 4 
5 140 —0.6 I I 4 
28 150 —0.7 ° ° 28 
10 Vv 150 —1.0 ° ° 10 
18 165 —0.9 ° ° 18 


dead. When, however, the appearance of the extreme tip was watery 
instead of chalky white and exhibited distinct turgidity, it was 
regarded as evidence that the cells were in a living condition. 
Associated with the latter condition was an increase in length and 
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the curvatures mentioned. It is entirely possible for the upper 
portion of the root (the region of rapid elongation and above) to be 
dead and the tip to continue growth for a short time; in fact, many 
such cases were found. It is well understood that it is difficult to 


TABLE V 
CURRENT 0.2 MILLIAMPERE, 70 VOLTS; CRITICAL TIME 4 MINUTES 
er Time of Average Dead 
Number | Direction loss (—) or} Number Dead d 
Lot number of roots ° a gain (+) | showing above |* vem 
used current curvature only 
5 v 220 —o.1 I 5 ° 
Be) 225 —0.6 ° 4 6 
10 230 —0.6 2 4 6 
21 240 —0.4 ° 3 18 
15 240 —0.7 ° ° 15 
8 270 —0.9 ° ° 8 
eee 5 v 270 —0.4 ° ° 5 
5 300 —o.6 ° ° 5 
TABLE VI 
CURRENT 0.15 MILLIAMPERE, 50 VOLTS; CRITICAL TIME 6 MINUTES, 
I5 SECONDS 
Number | Direction Time of ay on Number Dead Dead 
Lot number of roots 0 — gain (+) showing above oe 
use’ current in length | curvature only 
seconds also 
10 300 —0.4 I 7 
15 360 —o.8 4 6 9 
16 360 —o.I 4 15 I 
8 370 —0.4 I 2 6 
5 375 —0.2 ° ° 5 
15 375 —0.7 I I 14 
5 390 —0.5 ° ° 5 
15 405 —0.5 ° ° 15 
II 405 —o.6 ° ° II 


set up a criterion of measurement as to when death takes place; in 
fact, death has been called by some physiologists ‘‘a reversible 
process.” The writer believes, however, that these criteria are 
sufficiently definite as used, and that they are scientifically sound. 


‘ 
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In determining the time factor, the current was kept at constant 
amperage by sliding resistances for a definite time period, the time 
being measured by a stop watch. The usual practice was to treat 
seedlings in succession in the same manner (as to time and current), 


TABLE VII 
CURRENT 0.I MILLIAMPERE, 40 VOLTS; CRITICAL TIME 9 MINUTES 
Number | Direction Time of Ba es, ol Number Dead Dead 
Lot number of roots of Sas gain (+) | showing above — — 
used current curvature only pe 
5 420 0.6 5 5 ° 
10 480 —o.2 I 6 4 
II 480 —0.2 ° 7 4 
8 510 —0.7 ° I 7 
9 525 —0.4 I 2 
13 550 —0.5 ° 2 II 
40; 34, 30; 22.5... 20 540 —0.4 ° I 19 
5 v 570 —0.7 ° ° 5 
9 600 —o.6 ° ° 9 
10 600 —0.7 ° ° 10 
TABLE VIII 
CURRENT 0.05 MILLIAMPERE, 30 VOLTS; CRITICAL TIME PROBABLY BETWEEN 32 AND 
35 MINUTES 
Number | Direction Time of seneetes Number Dead Dead 
Lot number of roots of gain (+) | showing above 
used current minutes — curvature only pee 
3 15 —0.5 ° 3 ° 
7 25 —0.2 ° 3 4 
16 30 —0.3 3 3 13 
6 32 —0.4 I I 5 
2 35 —0.5 ° ° 2 
4 v 35 —0.5 ° ° 4 
2 40 —0.2 ° ° 2 
2 40 —0.3 ° ° 2 
2 50 —0.5 ° ° 2 


such group (usually five), being designated as a “lot” in the tables. 
Roots were exposed for a time, calculated from preliminary experi- 
ments to be below that required to kill, then time of exposure 
increased for next lot and so on until all were killed. When ninety 
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per cent or over were killed at any particular combination of current 
intensity and time, this was regarded as the death point. Death 
points were determined for current intensities of 0.6 to 0.05 milli- 
amperes as shown in the tables. Direction of flow of current is 
indicated by arrows. When the current was applied with the posi- 
tive electrode at the tip, the arrow points upward. Under “average 
loss or gain’”’ is given the loss or gain in length over measurement 
taken just previous to exposure. Final measurement was always 
taken twenty-four hours after exposure. Under the heading ‘‘dead 
above only” is given the number in which the region above the first 
4 or 5 mm. was killed. This effect was often noticeable as far back 


Fic. 3.—Current and amperage required to produce death in roots of 0.7-0.9 
sq. mm. cross-sectional area. 


as the cotyledons. The last column gives the number in which the 
entire root was killed. Thus it can be seen from the tables that 
the critical time at 0.6 milliampere is fifty-two seconds; at 0.5 
milliampere sixty-five seconds; at 0.4 milliampere ninety seconds, 
etc. It should be stated that controls were planted with each lot, 
and that all showed a decided increase in length, the increase vary- 
ing from 12-19 mm. at the end of twenty-four hours. 

Plotting the points as shown in the tables into a graph gives 
the death curve (text fig. 3). With current of 0.05 milliampere the 
death point was determined with great difficulty, due to length of 
exposure required, which had a tendency to dry out the root. The 
critical time seems to lie between thirty and thirty-five minutes. 


‘ 
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It is not contended that the death curve is sharp and definite. As 
the tables show, some roots were killed before the maximum was 
reached. This difference is undoubtedly accounted for by the 
variations in cross-sectional area of roots used. 


CYTOLOGICAL 


A rather definite cytological effect is produced in roots exposed 
to the current just long enough to produce death. Roots exposed 
for fifty-two seconds at 0.6 milliampere give a very similar picture 
to roots exposed for two and a half minutes at o.3 milliampere, or 
any other point on the death curve. Similarly, roots exposed for 
any fraction of the time required to produce death at any amperage 
give a comparable picture with those produced by exposure for the 
same fraction of time required to produce death at any other 
amperage. ‘This fact was established only after long experimenta- 
tion, and until then no comparable cytological results could be 
obtained with various combinations of time and current. The 
direction of current through the root had no influence except in 
direction of migration. 

Best results in fixing were obtained by various combinations of 
Flemming’s fluid. Root tips immediately after treatment were 
placed in the killing fluid. The usual processes incident to the 
paraffin method were used, and the roots sectioned and stained in 
saffranin-gentian violet. Satisfactory staining was quite difficult 
to obtain, and the finer details of the treated protoplasts in most 
cases were difficult to distinguish. 

In a root exposed to the current just long enough to produce 
death, the cells of the central cylinder back of the root cap show 
fairly even distribution of cytoplasm, which, however, is coarsely 
granular compared with the controls. Many cells show a distinct 
migration of cytoplasm toward the positive electrode. It is in 
the nuclei, however, that the effect is more noticeable. The 
nucleolus may have been displaced in either direction, more cells, 
however, showing displacement toward the positive electrode. A 
majority of the nucleoli had become elongated in a direction at 
right angles to the long axis of the root, similar to that shown in 
fig. 3. The nucleolus frequently is elongated sufficiently to reach 
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across the nuclear cavity. Other dense material within the nucleus 
is in every case deposited in a crescent-shaped mass against the 
nuclear membrane toward the positive electrode. This is shown 
in some of the cells of figs. 3 and 5. The chromatin appears very 
coarsely granular. Occasionally a cell is found in which a small 
amount of this granular material is deposited against the side of 
the nuclear membrane toward the negative electrode, leaving a 
clear central space across which lies the much flattened nucleolus. 

The cells of the central cylinder about 1 mm. from the cap 
show shrinkage which is evident at the ends of the cells, but not 
laterally. 

Tn the cortex of the first millimeter the cells show greater effect 
than in the central cylinder. The cytoplasm in these cells is in 
nearly every cell definitely aggregated against the wall toward the 
positive electrode. The nucleolus no longer lies across the nuclear 
cavity, but has migrated with the chromatin toward the positive 
electrode (fig. 8). The nuclear cavity is no longer spherical but 
egg-shaped, with the smaller end toward the anode. Chromatin 
and nucleolus are packed into the small end, and seem to have 
forced distention of the nuclear cavity. Frequently fine granular 
threads radiate from this mass toward various points in the periph- 
ery of the nucleus, as shown in figs. 8 and 11. This bears a‘strik- 
ing resemblance to fig. 12, pl. 18, of Morrrer’s paper (16). The 
nucleolus in most cells at this stage cannot be distinguished as a 
separate body from the chromatin. 

It is in dividing cells that the greatest effect of the current might 
perhaps be expected, yet such is not the case. Migration does not 
take place at all in a cell in the process of nuclear division in either 
cytoplasm or chromosomes. Staining of division figures is poor, 
and in most cases presents a blurred picture in which the chromatin 
has the appearance of having melted together. Cells with nuclear 
division are shown in figs. 2 and 3. This blurred condition is 
characteristic of all division figures, no matter at what stage. All 
parts of such a cell usually stain a deep red with saffranin. The 
absence of migration should be expected in such cells from results 
found by Kite (13) and CuamBers (4), who both found the pro- 
toplast during division in a very viscous state, in the form of a gel. 
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Kite states that when such a protoplast was cut into, the pieces 
retained their shape definitely and behaved distinctly as a gel. 

In the region of rapid elongation in both cortex and central 
cylinder, 3-5 mm. from the cap, the cytological picture reveals 
little effect compared with the extreme tip. The cytoplasm shows 
no migration whatever, although it is more coarsely granular than 
that of the controls. The nucleolus retains its form and position, 
while the chromatin is aggregated in a crescent-shaped mass against 
the nuclear membrane toward the positive electrode in a majority 
of cells, in a few toward the negative electrode. In some cases, 
however, the entire nuclear material is displaced within the cavity 
(fig. 6), and in a few cases even the entire nucleus lies in a dense 
mass against the wall toward the positive electrode, a phenomenon 
not met with at this exposure in cells nearer the cap. Shrinkage is 
quite evident in the region of rapid elongation. 

The root cap rarely shows any displacement of either cytoplasm 
or nucleus, doubtless largely due to the fact that the moist kaolin 
of the electrode is a better conductor than the root, and so very 
little current passes through the cap. 

The first noticeable cytological effect of the current is produced 
on exposure of approximately one-tenth of the time required to 
produce death, and the first visible reactions occur in the cortical 
region about 1 mm. above the cap. Such cells show large vacuoles 
in the end toward the negative electrode, and the cytoplasm appears 
slightly more granular than in the controls. The chromatin at this 
stage is beginning to migrate toward the positive electrode. The 
nucleolus lies in its normal position, but soon after one-tenth of 
time exposure begins to show the flattening previously described. 
At this stage the region above the first millimeter shows nothing 
abnormal, neither do the cells immediately behind the central 
portion of the root cap. The effect of the current is progressive 
and the results are cumulative. At one-half of the time for death 
point, the nucleolus flattens and the cytoplasm definitely begins 
to migrate. With an exposure of three-fourths of the time for 
death the nucleolus and chromatin have migrated toward the 
positive electrode, the cytoplasm being very coarsely granular and 
exhibiting a greater amount of migration than in the previous 
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stage. The picture at death point has already been described 
in detail. 

If the current is continued for a longer period than is necessary 
to produce death, all protoplasmic contents, especially the cortical 
cells of first 3-4 mm. of tip, are aggregated in a dense mass against 
the cell wall toward the positive electrode, as shown in pl. II, also 
partially shown in figs. g and to. 


Discussion 


Within thirty seconds after the current is applied, the resistance 
in the circuit falls considerably. The resistance, however, was 
always kept constant by means of the sliding rheostats. Coincident 
with the drop in resistance, the tiny droplets of liquid appeared on 
the surface of the root in the region of rapid elongation and above. 
This suggests increased permeability of the protoplasts and of the 
cell walls to liquids of the cell sap, and further suggests increased 
freedom of movement of particles in the sap or cytoplasm or both. 
The consequent loss of turgidity and shortening of the root sub- 
stantiate this view. 

It is most interesting to find that the greatest visible effect of 
the current is not in the region of most rapidly dividing cells, but 
slightly farther from the tip. This suggests that the protoplasm 
of these cells exists in a much more viscous state than in cells 
farther from the tip. The lack or presence of free ions would 
influence conduction of current. It is possible that free ions exist 
in increasingly greater number with the absorption of water from 
the primordial meristem to the region of greatest elongation. If 
this assumption is true, we would expect least effect of current in 
the primordial meristem, where the cytoplasm would be viscous 
and behave as a gel, and a greater effect where the cytoplasm 
became more nearly semi-fluid, and least effect where the free ions 
of the cell sap conducted the current almost altogether. This 
assumption agrees with the facts, for the least (or no) migration 
occurs in the cells with large vacuoles. 

In no preparations made could any basis be found for Harpy’s 
(9) statement that the cytoplasm migrates to the wall, loses its 
original charge, gains one of opposite sign, and then migrates toward 
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the opposite end of the cell. This statement, however, may apply 
to the chromatin. No theory is advanced as to why neighboring 
cells behave variously in this regard. The relative hydrogen ion 
concentration of the different parts of the cell no doubt plays a 
large part with reference to its reaction to the current. The 
assumption is generally made that cytoplasm is weakly alkaline. 
This conception is probably based on the reaction of the cell sap; 
nevertheless we have evidence that the migration of the protein 
constituents in the cells is toward the positive electrode. Likewise 
it is in accord with Harpy’s (9) results in treatment of a derived 
albumen, first with acid, then alkali, and a consequent change in 
direction of migration as previously stated. That the chromatin 
under some conditions bears a positive charge seems to be suggested 
by my own experimental evidence. That the migration of proto- 
plasmic particles, as influenced by the current, is due to the particu- 
lar electrical charge of the constituent colloidal particles also 
seems probable, and would suggest that the cytoplasm carries (in 
the roots of the plants used in this study) always a negative charge. 


Summary 


1. A method of subjecting roots in moist air to the direct 
electric current has been devised which makes it possible to control 
and accurately measure the current actually flowing through the 
root. There is no evidence that under such conditions roots behave 
differently from those in soil or liquid if subjected to the same 
current intensity. 

2. Combinations of current intensity and time factors have been 
determined for producing death of the cells of roots, and the death 
curve plotted. 

3. Cytological preparations of treated roots show a migration 
of cell contents (with few exceptions) toward the positive electrode. 

4. The migratory effect (transfer of material) is not the same 
for all regions of the root. With one-tenth of time of death current, 
the cells immediately back of the root cap show little effect, those 
a little older (1 mm. back) greatest effect, and the cells with large 
vacuoles no or little effect as to cytoplasm. 
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5. It is suggested that, with addition of water, more free ions: 
may occur to conduct the current; that the protoplasts of the 
primordial meristem are in a state of gel. 

6. It is further suggested that the difference in true acidity, 
H-ion concentration of various protoplasts, may account for 
occasional different behavior of adjacent cells. 

7. The theory of electrophoresis probably accounts for the 
migration phenomena, assuming that the constituent colloidal 
particles of protoplasm bear an electric charge. 

8. Assuming an electric charge carried by such particles, it 
would follow that the particles of the cytoplasm of the cells of the 
roots of the Canada Field Pea bear a negative charge, and that the 
chromatin particles, in some cases only, may bear a positive charge. 


The writer takes pleasure in extending thanks to Dr. W. G. 
MARQUETTE and Professor R. A. HARPER for kindly suggestions and - 
criticism freely given throughout the progress of the work. The 
work ‘was done in the laboratories of the Department of Botany, 
Columbia University, New York City. 
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EXPLANATION OF PLATES II, II 
PLATE II 


Longitudinal sections of root tips: magnification shown by scale; smallest 
spaces equal to 0.01 mm.; X IIo. 

A.—Root exposed to current of 0.4 milliampere for one and a half minutes; 
positive electrode at tip. 
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B.—Root exposed to current of 0.2 milliampere for four minutes; nega- 
tive electrode at tip. 


C.—Control, not exposed to current. 


PLATE III 


Cells from various portions of roots exposed to current, and from controls; 
magnifications for all figures approximately 580 diameters, with exception 
of fig. 8, about 500 diameters, and fig. 10, 550 diameters; all photomicrographs 
mounted so as to have positive electrode below. 

Fic. 1.—Normal cells (not exposed to current) 8-10 mm. from tip in 
cortex. 

Fic. 2.—Cells about 1 mm. from tip in central cylinder from root exposed 
to current of o.5 milliampere for sixty-five seconds; in the lower right hand 
protoplast dividing. 

Fic. 3.—Cells from cortex of root exposed to current of 0.2 milliampere for 
one minute, this being one-fourth time required to kill root at this amperage. 

Fic. 4.—Normal cells from cortex about 3 mm. from tip. 

Fic. 5.—Cells of central cylinder about 8 mm. from tip; root exposed to 
current of 0.6 milliampere for twenty-five seconds. 

Fic. 6.—Cells from cortex about 10 mm. from tip; root exposed to very 
severe treatment (ten minutes at 0.4 milliampere). 

Fic. 7.—Normal cells from cortex about 1 mm. from tip. 

Fic. 8.—Cells from cortex about 1 mm. from tip of root exposed to current 
of 0.6 milliampere for forty seconds. 

Fic. 9.—Cells from cortex about 4-5 mm. from tip; cytoplasm and nuclei 
also displaced; current of 0.3 milliampere for two and one-half minutes. 

Fic. 10.—Same as fig. 9 but exposed to current only one and one-half 
minutes. 

Fic. 11.—From same region as fig. 8 
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CHEMISTRY OF AFTER-RIPENING, GERMINATION, 
AND SEEDLING DEVELOPMENT 
OF JUNIPER SEEDS 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 284 


DEAN A. Pack 
Introduction 


In a previous paper the author (17) reported the microchemical 
and physical changes accompanying the after-ripening, germination, 
and seedling development of juniper seeds. This work was under- 
taken with the idea of studying the physiological and chemical 
changes occurring in the fats during the after-ripening and the 
seedling development of seeds of Juniperus virginiana. 


Historical 


As early as 1842 DE Saussure (3), while studying the germina- 
tion of hemp, madia, and rape seeds, discovered two important 
results that accompany the germination of oily seeds. He con- 
cluded that oily seeds during germination absorb a larger volume 
of oxygen than the volume of carbon dioxide given off, and that 
the percentage of reserve oil decreases and the percentage of sugar 
increases during germination. Part of DE SAussURE’s work was 
later confirmed by the investigations of HELLRIEGEL (9g) and others. 

SACHs (20) in 1859 studied the transformation of oil in many 
seeds, and concluded that starch was directly derived from oils. 
PETERS (19) held this same view, but FLrEuRy (4) denied the con- 
stant appearance of starch, and stated that sugar appeared first. 
The latter investigator was the first to note the probable appear- 
ance of organic acids during germination. 

Muwnrz (16) was the first to discover the presence of free fatty 
acids in germinating oily seeds. While working on rape, poppy, 
and radish seeds he found that the oil gave rise to free fatty acids. 
He also noted that this free fatty acid increased several fold 
during germination. Although the presence of glycerine was not 
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demonstrated, he concluded that the oil was split up into free fatty 
acid and glycerine. 

GREEN (7), while investigating the reserve products of Ricinus 
communis seeds during germination, discovered the enzyme lipase. 
He proved that this enzyme was capable of splitting the glycerides 
of this seed into glycerine and fatty acid. This investigator con- 
cluded that glycerine gave rise to sugar, while the fatty acids gave 
rise to vegetable acids. He also demonstrated the presence of a 
trypsin-like enzyme, which digested proteids. In a later paper 
(8) he continued the same investigation and worked especially on 
the lecithin and sugar content. The lecithin was thought of as 
being derived from the oils, phosphatic globoids, and proteins. 
In this paper he discussed the improbability of sugar being formed 
from glycerine. 

In 1895 LECLERC DU SABLON (13) investigated many seeds and 
finally concluded that saccharose or a nearly related sugar was 
derived from oils without the glycerine being set free, as in ordinary 
saponification. MILLER (15), in his studies on the sunflower, 
records the gradual disappearance of reserve oil and protein mate- 
rial from the cotyledons, with the increase of sugar and protein-free 
nitrogen in the hypocotyl and roots. In 1912 IvANow (10) fol- 
lowed the transformation of the oils in seeds during germination. 
He chose for his work seeds having saturated fatty acids, and 
others having unsaturated fatty acids. The unsaturated fatty acids 
were found to be transformed first, and later the saturated fatty 
acids were used. He ascribed the fall in the iodine number of the 
fats to the more rapid transformation of the unsaturated fatty 
acids to carbohydrates, and not to the formation of acids of shorter 
chains. 

KossEL (12), as early as 1891, believed lecithin to be present 
in all protoplasts. STOKLASA (21) states that the phosphatides of 
rape seeds during five days’ germination increased from 0.45 to 
5.22 per cent. The dry beet seed with a phosphatide content of 
0.45 was found to contain 1.78 per cent after nine days’ germination. 
CzAPEK (2) quotes data from ScHuLzE and his school, also others, 
showing the general distribution and percentage of phosphatides 
in plant tissues. FRANKFURT (6) in 1894 studied the seeds and 
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seedlings of the sunflower, and found that glutamin and asparagin 
increased during germination. PALLADIN (18) in 1896 stated that 
an increase of the proteins indigestible in gastric juice (nearly 
proportional to the amount of nucleo-proteins) accompanied the 
germination of wheat in darkness. ZALIESKI (22) in 1911 reported 
the general appearance of nucleo-protein in plant tissues. He also 
found an increase of nucleo-protein with the germination of wheat 
and corn seeds. 


Investigation 
CULTURE METHODS 


After the seeds had been prepared, as described in an earlier 
paper (17), they were placed on moist filter paper in Petri dishes 
and subjected to a temperature of about 5°C. in darkness for after- 
ripening and germination. Distilled water was added at intervals 
to keep them moist. The changes occurring had to do with the 
reserve material already in the seed. The after-ripened seeds and 
seedlings were kept under these conditions until being prepared for 
analysis. Analyses were made at three different stages: dry seeds, 
after-ripened seeds, and late seedling development. 

Dry sEEDS.—The hard coats were removed from the dried seeds 
before preparing them for analysis. In this, as well as in the 
following stages, the embryo and endosperm (or more exactly, the 
nucellus, megaspore membrane, and all parts surrounded by these 
two structures) were the parts analyzed. 

AFTER-RIPENED SEEDS.—The seeds were found to require 100 
days’ storage in a germinator at about 5°C. for after-ripening (or 
to become ready for immediate germination). The seed at this 
particular period has already split open the hard coat, and the 
hypocotyl is breaking through the nucellus. It was at this time 
that the after-ripened seeds were removed from the hard coats and 
prepared for the analysis. 

DEVELOPED SEEDLINGS.—It required 35 days at 5°C. for the 
after-ripened seeds to become developed seedlings, which were 
between 3 and 4cm. long. The cotyledons were extended and 
free from the old endosperm, nucellus, megaspore membrane, etc. 
These latter structures were collected and put with the seedlings 
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so as to have comparable analytical results. The hard coats were 
separated and discarded, just as in the collection of the seed material. 


ANALYTICAL METHODS AND RESULTS 


The material for analysis was prepared according to LowEN- 
STEIN (14) and MILLER (15), except for slight modifications. The 
collected seeds and seedlings were thoroughly ground with 95 per 
cent alcohol in a mortar; then the material was transferred to 
evaporating dishes and the alcohol evaporated. After thus treat- 
ing the material three times with 95 per cent and twice with absolute 
alcohol, it was dried in a vacuum at 75°C. for one hour. The 
material was then powdered and placed in the desiccator until 
analyzed. When analyzed the material was in perfect condition, 
and showed no signs of oxidation. 

The method followed in the analysis was outlined by Kocu (11). 
As it was necessary to make both fat and protein analysis on the 
same sample, the acid precipitation of the lipoid fraction, as earlier 
described by Kocu, could not be used because of possible protein 
hydrolysis. The lipoids, therefore, were extracted by an 18-hour 
continuous extraction with hot absolute anhydrous ether. Cal- 
cium chloride tubes were used to protect the material from moisture 
during the extraction. Lipoid or ether soluble material is 
referred to as F,. The whole of the lipoids were not dried to get 
the true weight, because of the danger of oxidizing the unsaturated 
compounds. This lipoid weight was derived by subtracting the 
weight of the dry lipoid-free material from the original dry weight. 
Such a change made it possible to analyze the lipoids at once and 
avoid oxidation (table II); then the lipoid-free material was 
extracted with hot 50 per cent alcohol for 12 hours. This 50 per 
cent alcohol soluble material is indicated as F,, or extractives. 
These extractives were dried to constant weight in vacuum, dis- 
solved in hot water, and portions taken for the analysis. The 50 
per cent alcohol insoluble material (or F;) was dried in vacuum, 
weighed, powdered, and portions taken for analysis (table IV). 

Table I gives some general data. The amount of water and 
solid material found in the air-dry seeds, after-ripened seeds, and 
seedlings at the time the material was prepared for analysis, is 
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given as percentage of seed weight with hard coats removed. Total 
nitrogen is given as percentage of total dry substance and was 
obtained by the Kyetpant method. The analysis of chlorophyll 


TABLE I 
AFTER-RIPENED 
Dry SEEDS petits SEEDLINGS 
MATERIALS 
a b € a b a b 
92.81) 92.75] 92.85) 47.36] 46.99] 11.62] 11.46 
Chlorophyll as depth of Traces|Traces 100 .00|100.00 
Dry weight of total nitrogen....| 5.70)......]...... 70) 


could not be attempted. The amount of chlorophyll present, 
however, is given as percentage, and was estimated from the depth 
of color, considering the chlorophyll content of the seedlings as 
100 per cent. 

TABLE II 


Lirorps (F;) 


Dry SEEDS SEEDLINGS 
MATERIALS 
a b a b a b 
Total lipoids as percentage total 
53-60 | 53.69 | 43.93 | 44.01 | 11.72 | 11.00 
Phosphatides as percentage total 
GEG 1.23 2.80 2.84 2.36 2.37 
Acid value as percentage ether 
1.97 1.90 5.68 5.09 | 27.75 | 28.12 
Saponification number........... 174.7 |172.3 |178.3 |180.0 |126.0 |127.1 
Neutral fats as percentage ether 
95.73 | 95.82 | 87.93 | 88.46 | 52.07 | 50.01 
Percentage of P in total dry weight} 0.03 | 0.03 | 0.109} 0.110} 0©.092| 0.095 
Percentage N as percentage of 
Percentage of increased weight due 


In tables II, III, and IV the amount of substance found has 
been given as percentage of the total dry substance unless other- 
wise stated. Thus in table II the acid value, saponification number, 
iodine number, and neutral fats were determined for the total lipoid 
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fraction. The percentage of phosphatide was estimated from the 
lipoid; P times the factor 25.77. Wzuy’s iodine solution was used 
in the determination of the iodine number. No direct nitrogen 
determination was made on the lipoid fraction. The percentage 
of nitrogen given was found by subtracting the extractive and 
protein nitrogen (tables III and IV) from the total nitrogen given 
in table I. Table II also gives the percentage of oxygen taken up 
by the lipoid material under artificial oxidation. 


TABLE III 


EXTRACTIVES (F,) 


Dry SEEDS AFTER-RIPENED SEEDS SEEDLINGS 
PERCENTAGES OF TOTAL 
DRY WEIGHT 
a b c a b c a b c 
Total extractives....| 6.68 | 6.50 |....|15.24 |15.55 |....134.02 |34.50].... 
Ammonia nitrogen. .| 0.0004] 0.0004]... .| ©.0004] 0.0003}. ©.0001|..... 


Amino acid nitrogen.| 0.04 | 0.05 |0.04| 0.27 | 0.25 0.30 0.92 0.95|0.93 
Reducing sugars after 


hydrolysis........ 1.27 | 2.30 | 2:80 [2-88] 7:40 | 724317-5S 
Direct reducing 


marked 
Unaccounted for ma- 
terial (organic 


Table III gives the extractives as percentage of total dry 
substance. The total nitrogen was determined by the Bock and 
BENEDICT (1) modification of the Forrn-FARMER (5) procedure. 
Ammonia nitrogen was determined by the same procedure after 
aerating under diminished pressure a large part of the extraction 
solution made slightly alkaline and collecting the ammonia in 
dilute HCl. The undistilled material was neutralized with acetic 
acid, concentrated, and used for van Slyke amino nitrogen deter- 
minations. A third portion was used for the sugar determinations. 
The tannins were removed with pure casein. Both after-ripened 
seeds and seedlings gave indications of pentose. 


: 
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The proteins, polysaccharides, etc., are given in table IV as 
percentages of total dry substance. The protein nitrogen, which 
is stated as percentage of protein, was determined by the Kjet- 
DAHL procedure. Polysaccharides were determined by the Mon- 
SON-WALKER and BERTRAND method. This material gave very 
marked pentose reactions. The cellulose was not determined 


as such. 
TABLE IV 


PROTEINS, POLYSACCHARIDES, ETC. (F;) 


Dry SEEDS AFTER-RIPENED SEEDS SEEDLINGS 
PERCENTAGES OF TOTAL DRY WEIGHT 
| 
a b a b | c a b 
Proteins, polysaccharides, etc..} 39.73] 39.00] 40.83 | 40.43]...... 54.25 | 54.40 
Total proteins (F;X6.25)..... 34.21] 34.10] 28.50 | 27.95]...... 22.31 | 22.70 
Total hydrolyzable sugars..... 0.0] 0.0] 0.2 0.23| 0. 19} 14.91 | 14.79 
Indications of pentoses....... 0.0 | 0.0 |Marked}...... Vere 
| marked 
Discussion 


These results force upon one’s attention the great constructive 
changes as compared with the destructive changes. The major 
fractions seem to be well accounted for. Such a condition can only 
be understood when one considers that these results deal with a 
seed that requires long continued after-ripening and germination 
at a very low temperature. Although the seed material was kept 
at a temperature of about 5°C., the constructive metabolism went 
on at a rapid rate. The digestion of storage fats and proteins was 
accompanied by the synthesis of many formative and metabolic com- 
pounds. ‘The rate and extent to which these changes were carried 
on even at 5°C. prove the power and efficiency of enzyme action. 
This low temperature, by retarding respiration, reduced the com- 
bustion of materials to a minimum, and thereby favored the 
accumulation of formative materials in the cells. This accumu- 
lation of cell building and cell active materials, together with the 
culmination of enzymes, probably leads to the after-ripening of 
dormant organs. 

The lipoids decreased 9.7 per cent during after-ripening, and 
32 per cent during the seedling development. It will be seen that 
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the neutral fats sustained this loss. The respiration occurring 
during the after-ripening period amounted to only 2 per cent, while 
during the seedling period it amounted to about 5 per cent of the 
total dry weight. This small amount of material used by the 
respiration compared with the large amounts of formative, storage, 
and structural material, high in oxygen content, made from the 
apparently small amounts of fats, low in oxygen content, will easily 
account for the low respiratory quotient reported in an earlier 
paper (17) for these seeds during germination. 

The phosphatides more than doubled during the after-ripening 
process. Glycerine and fatty acids were supplied by the hydrolysis 
of fats, while phosphoric acid and nitrogen-containing complex were 
probably derived from inorganic phosphorus and the protein 
hydrolysis which accompanied the after-ripening. A slight decrease 
in the amount of phosphatides occurred during seedling develop- 
ment. This decrease could represent the phosphoric acid necessary 
for the formation of the nucleic acid, which was constructed at 
this period. 

The acid value of the ether extract increased during both after- 
ripening and seedling development. The iodine number decreased, 
while the saponification increased slightly without a marked 
appearance of carbohydrates. Such a condition would probably 
accompany the breaking up of long carbon chains into shorter 
chained compounds. The increased fall in the iodine number 
during the seedling development was due perhaps to the more 
rapid transformation of unsaturated fatty acids to carbohydrates 
(10). This carbohydrate accumulation during seedling develop- 
ment amounted to 20 per cent (tables III and IV). The saponifi- 
cation number reached a minimum value for the seedlings, 
indicating a large percentage of long chained fatty acids. This is 
accounted for by the large percentage of phosphatides in the 
seedling lipoids. It appears that these values change materially 
in the same tissues with different stages of development. 

Dry seed and after-ripened seed lipoids were made to take up 
respectively 9.9 and 11.1 per cent of increased weight due to prob- 
able oxygen absorbed by artificial oxidation. There was a slight 
increase in the reducing power of the lipoids during after-ripening. 
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Under the same conditions the seedling lipoid material increased 
in weight only 3.1 per cent due to oxygen absorption. 

Of considerable interest is the increase in extractives with 
after-ripening and seedling development. This is represented by 
increasing amounts of amino acid nitrogen, and other forms which 
probably represent amides, peptides, nucleic acid derivatives, 
alcohols, etc. It also represents increased amounts of various 
sugars, and very probably organic acids. The ammonia nitrogen 
value did not change during after-ripening, although it did decrease 
during the seedling development. This decreasing amount corre- 
sponds to the amount of nitrogen required during this same period 
to build the chlorophyll. As ammonia plays such an important 
part in the synthesis of proteins (amino acids), however, it is 
probable that this decrease is of no significance and that the 
amounts fluctuate. In connection with this it is evident that 
some proteins, having carbohydrate groups, were rebuilt during 
the after-ripening and especially the seedling development. Amino 
nitrogen, van Slyke method, increased about sevenfold during the 
after-ripening period, and over threefold again during the seedling 
period (table III). The Formol titration on similar lots of seeds 
showed a like increase of amino acids during the after-ripening 
period. The ratio of the amino nitrogen to the total nitrogen of 
F, is as follows: dry seeds one-third, after-ripened seeds one-third, 
and seedlings one-half. This could mean the formation of shorter- 
chained amino compounds or the further digestion of peptides, 
proteoses, or peptones. The increasing amount of non-amino 
nitrogen during after-ripening and seedling development shows 
the accumulation of other nitrogenous compounds. This is very 
probably represented by nucleic acid, peptides, peptones, amides, 
and other extractives. 

Although the sugar formation was very meager during the 
after-ripening period, it reaches noticeable proportions during the 
germination and seedling development. Table III shows a o.5 per 
cent increase of reducing sugars, after hydrolysis, for the after- 
ripened seeds. This included a few hundredths per cent of direct 
reducing sugar. It is evident that nearly all of the reducing sugar 
of the dry and after-ripened seeds is tied up with the tannins. 


| 


148 BOTANICAL GAZETTE [SEPTEMBER 


The dry seeds gave no pentose reactions, while the after-ripened 
seeds and seedlings gave marked reactions. During the seedling 
development the percentage of sugars increased manyfold. 
Comparing the amount of total extractives and the sum of the 
analyzed fractions, it will be seen that there is considerable material 
unaccounted for. After adding an average percentage for ash, 
however, the 6.68 per cent of extractives for the dry seeds is nearly 
all accounted for. After adding the same amount for ash in the 
after-ripened seeds and the seedlings, there remain respectively 
3 and ro per cent of the extractives unaccounted for. It is evident 
that this material is not proteins or, much less, decomposition prod- 
ucts of the same. Such an explanation would require a protein 
factor of ten or more. It could not be due to an increase of ash 
because the seeds were kept in distilled water cultures. The 
sugars by no means account for this unknown material, and a 
possible explanation is the presence of organic acids. A review of 
the analytical results of tables II, III, and IV also shows that there 
is no other way to account completely for the disappearance of so 
much fat. It is evident, therefore, that at least part of the fatty 
acids were oxidized to other organic acids. In the course of the 
analysis (when F, was neutralized for ammonia distillation) it was 
found that the extractives for dry after-ripened seeds and seedlings 
all gave an acid reaction. No acid had been used thus far in the 
analysis, and this acidity was evidently due to acids in the tissues. 
The extractives of the dry seeds were distinctly acid, while the 
extractives of the after-ripened seeds and seedlings were very acid. 
It was also noted that more N/10 NaOH was used to neutralize the 
seedlings than either the dry seeds or after-ripened seeds. These, 
with previous results, point to the accumulation of organic acids. 
Table IV shows an increase of the protein polysaccharides 
fraction during after-ripening and germination. There was a 
decrease in the proteins with an increase of starch. During after- 
ripening, however, there was a 6 per cent decrease of proteins with 
only a 0.2 per cent increase of starch. Of course much of this 
protein material appears in F, as amino acids and other nitrogenous 
compounds. Moreover, some proteins after hydrolysis and deami- 
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nation very probably gave rise to sugars and acids or were respired. 
The pentose reactions indicate the rebuilding of proteins with 
carbohydrate groups. During the germination and seedling devel- 
opment the proteins were hydrolyzed to give rise to the amino 
acids and nitrogenous compounds of F,, with the formation of some 
carbohydrates. From the amount of starch (table IV) and sugars 
(table III) appearing in the seedlings and the carbohydrates 
required for cellulose structure, it is evident that not only the 
proteins but still more the fats contribute to the formation of these 
materials. From the constant quantity of nitrogen in the analysis 
and the fact that no nitrogen compounds were added, it is evident 
that the chlorophyll nitrogen was derived from other nitrogenous 
compounds. 


Summary 


A review of these results, together with the changes reported 
in the previous paper (17), give an idea of the many changes 
accompanying the after-ripening of dormant organs. These 
changes are represented by the accumulation of cell building 
materials: acids, phosphatides, active reducing substances, soluble 
sugars, pentoses, amino acids, soluble proteins, and other nitro- 
genous compounds; the accumulation of enzymes; the dispersion 
of materials; and the transformation of storage materials. This 
rapid accumulation of simple plastic cell materials coupled with 
minimum respiration and combustion of materials probably forces 
the dormant organs to activity. One thus sees the awakened 
active organ as a very unstable structure made up of many unstable 
compounds. If these changes are not the basis of the after- 


ripening process, they are found to accompany the after-ripening 
process. 


I wish to thank Dr. WILLIAM CROCKER and Dr. FRED CONRAD 
Kocu for their kind aid and criticism of this work. 
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LEAF-TISSUE PRODUCTION AND WATER CONTENT IN 
A MUTANT RACE OF PHASEOLUS VULGARIS 


J. ARTHUR HARRIS 
Introductory 


In a preceding paper’ it was shown that the survival of the bean 
plant is in a measurable degree dependent upon the morphological 
characteristics of the seedling. In 1915 a series of investigations 
was undertaken to determine, if possible, something of the proximate 
causes of the differential death rate. It was also hoped that some 
light would thereby be thrown upon the proximate causes under- 
lying the occurrence of teratological variations in the seedlings of 
Phaseolus. In undertaking this work the assumption seemed 
justified that if innate physiological conditions which might affect 
growth be associated with morphological variations, some influence 
of these factors should be recorded in the size or other characteristics 
which result from the relatively enormous expansion which the 
organs of the embryo undergo in the course of germination and the 
establishment of the seedling. 

A first study? demonstrated that teratological seedlings in 
general show a lower capacity for the development of primordial 
leaf tissue than do normal seedlings grown under as nearly as pos- 
sible identical conditions. The data then available indicated that 
a reduction of the volume of primordial leaf tissue is associated 
with abnormalities of all the abnormal types studied, but that the 
type of variation influences in some degree the amount of reduction. 
In these first experiments the conclusions were based on primordial 
leaves only. The use of such leaves has the obvious disadvantage 
that they are formed in the seed, and undergo merely an enormous 
expansion (and possibly a little differentiation) in the germination 

* Harris, J. ARTHUR, A simple demonstration of the action of natural selection. 


Science, N.S. 36:713-715. 1912. 


2 


, Studies on the correlation of morphological and physiological characters: 
The development of the primordial leaves in teratological bean seedlings. Genetics 
1:185-196. 1916. 
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of the seed and the development of the plantlet to the stage at 
which measurements were made. Since the development of the 
primordial leaves during the germination and establishment of the 
seedling is relatively great, it seemed quite legitimate to use 
the weight of green tissue produced by these leaves as a measure of 
the physiological capacity of seedlings of various types. The fact 
that these leaves are differentiated in the seed, however, constitutes 
a valid objection against their use as a sole measure of the physio- 
logical capacity of the seedling. For such purposes a constant 
based upon some organ developed later seemed desirable. 

In a second study, therefore, the tissue weight determinations 
were extended to the trifoliate leaves of the third node, as well as 
to the primordial leaves of the second node. This leaf was used 
because groups of plants of more uniform development can be 
selected at the time of maturity of this leaf, than at any later 

-stage, and because the first compound leaf reaches a degree of 
maturity sufficient for the purpose of the present study before the 
primordial leaves are too old to be used. It is possible, therefore, 
to check results by determinations made on organs differentiated 
both in age and in structure. In the first investigation the green 
weight of the leaf tissue served as the fundamental measurement. 
In addition to this character certain measurements on the sap 
properties were also made. In the study of the saps some diffi- 
culties were encountered, and it seemed desirable to discontinue 
that phase of the work temporarily and to carry out determinations 
of dry weight and water content instead. The present study, 
therefore, has to do only with the green weight, the dry weight, and 
the percentage of dry matter. 

Recent investigations fell into two phases. The first was an 
endeavor to determine to what extent seedlings which are morpho- 
logically aberrant in the race to which they belong also differ from 
the norma! seedling of the race in their physiological characters, 
in so far as these can be measured by the capacity for the production 
of tissue. In the second the investigation was extended from intra- 
racial to inter-racial comparisons, to ascertain if possible to what 


3 Harris, J. ArtHuR, Further studies on the interrelationship of morphological 
and physiological characters in seedlings of Phaseolus. Brooklyn Bot. Gard. Mem. 
1:167-174. 1918. 
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extent a highly abnormal race differs from the parental strain 
from which it originated. 


Materials and methods 


In this paper the characteristics of a fully heritable teratological 
race are considered. The material was furnished by a tetracotyle- 
donous race, the origin and general characteristics of which have 
been considered elsewhere.* The tissue of plants of the tetra- 
cotyledonous race were compared with those of the normal line 
from which it originated. 

Seeds of the two series grown in the same field in 1917 were 
germinated in flats of sand in 1919. Four lots of fifty seeds each, 
two of the tetracotyledonous plants and two of the normal ances- 
tral line, were germinated in alternate positions in the same flat. 
Conditions, therefore, were as nearly comparable as possible in the 
germination of the two series. When the seedlings were of the 
proper size for potting, one seedling of the tetracotyledonous race 
and one normal control taken from the same flat were transferred 
to 3-inch pots of soil, where they stood until they were ready for the 
collection of samples of tissues. Weighings were _then made of the 
primordial leaves in the two cases. Thus, although weight and 
other characteristics vary from sample to sample because of age 
and the innumerable slight influences of significance in growth, 
the aberrant plants and their controls from the very beginning had 
as nearly as possible identical environment. However much the 
pairs combined in the same sample may differ among themselves, 
there seems no possibility of considering that the differentiation 
here shown to exist between the morphologically typical and the 
morphologically aberrant individuals is due to any extrinsic cause. 
In the absence of any knowledge of the amount of variation in the 
characteristics of the leaves to be investigated, it was impossible 
to compute in advance the size of the sample which should be taken. 
Accordingly it was arbitrarily fixed as 1oo plants.‘ 

4Harris, J. ArtHuR, A tetracotyledonous race of Phaseolus vulgaris. Mem. 
N.Y. Bot. Gard. 6: 229-244. 1916. 


, De Vriesian mutation in the garden bean Phaseolus vulgaris. Nat. 
Acad, Sci. 2:317-318. 1916. 


5 Sample 305 contained 96 plants, sample 252 only 81 plants, and sample 259 
contained 138 plants. 
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In work with the variants in normal lines of beans there is no 
difficulty whatever in distinguishing primordial leaves from those 
subsequently ‘formed, except occasionally in extreme variations 
involving stem characters such as would ordinarily be classed as 
fasciations. In the case of the tetracotyledonous race, however, it 
is often difficult to distinguish between true primordials (those 
formed in the seed) and the simple leaves (not compound) formed 
subsequently. . This difficulty was noted in the first paper on the 
tetracotyledonous race, and two series of countings at different 
‘ stages of development of the seedling were made to determine to 
what extent personal equation may affect the constants for number 
of primordial leaves. 

For practical reasons it was not feasible to count the leaves of the 
tetracotyledonous plants used in these experiments immediately 
after germination. Countings, therefore, were made just before 
the samples were taken. The numbers recorded are those of leaves 
which were regarded as certainly primordial. Those which from 
their color or texture appeared to be of subsequent development 
were omitted. In this race filaments are of rather frequent occur- 
rence. These are probably morphologically much reduced leaves, 
and were also disregarded. Thus the number of primordial leaves 
is probably on the average slightly under rather than over the true 
number for the series as a whole. Since we are primarily concerned 
with a comparison between definite types of seedling classification 
with respect to number of leaves, this procedure can introduce no 
sensible error into the results. 

Because of some uncertainty as to the leaves which were to 
be considered primordial and the considerable variation in the 
stages of development of the compound leaves in the tetracotyle- 
donous plants, it did not seem feasible in the majority of determina- 
tions to consider separately the weight of tissue formed by the 
compound leaves. This, however, has been done indirectly in the 
case of certain samples based on the plants as a whole. 


Data 


The data fall in three groups: a series of weighings of primordial 
leaves of plants unclassified with respect to number of primordial 
leaves; a series of weighings of primordial leaves of plants classified 
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with respect to number of primordial leaves; and a series of weigh- 
ings of total epicotyledonary tissue. 


MEAN GREEN WEIGHT PER PLANT AND PER LEAF 


TABLE I 


DONOUS RACE AND IN NORMAL PLANTS 


IN SEEDLINGS OF A TETRACOTYLE- 
OF THE ANCESTRAL RACE 


VALUES PER PLANT VALUES PER LEAF 
SAMPLE 
Abnormal | Control | Difference a Abnormal) Control | Difference ne 

Unclassified 

0.6991 | 0.7516 |—0.0525| — 6.9 |0.1718 |0.3758 |—0. 2040] —54.2 

0.6972 | 0.7607 |—0.0635| — 8.3 |0.1680 |o.3804 |—o0.2124| —55.8 

0.6323 | 0.7568 |—0.1245| —16.4 |0.1542 |0.3784 |—0. 2242] —59.2 

0.7012 | 0.6862 |+0.0150]} + 2.1 {0.1793 |o.3431 |—0.1638] —47.7 
2 leaves 

0.4520 | 0.7263 |—0.2743] —37.7 |0.2260 |o.3632 |—0.1372| —37.7 

0.5958 | 0.7994 |—0. 2036] —25.4 |o 2979 |0.3997 |—0.1018] —25.4 
3 leaves 

0.6313 | 0.7760 |—0.1447| —18.6 |0.2104 |o.3880 |—0.1776] —45.7 

0.5662 | 0.7189 |+0.1527| —21.2 |0.1887 |o.3595 |—0.1708] —47.5 

0.5791 | 0.7766 |—0.1975| —25.4 |0.1930 jo. 3883 |—0.1953| —50.2 

0.6577 | 0.8015 |—0.1438] —17.9 |0.2192 |o.4008 |—0.1816] —45.3 

0.6200 | 0.7817 |—0.1617} —20.6 |0.2067 |o.3909 |—0.1842| —47.1 
4 leaves 

0.6703 | 0.7786 |—o0.1083] —13.9 |0.1676 jo. 3893 |—0.2217| —56.9 

0.5994 | 0.6671 |—0.0677| —10.1 |0.1449 |0.3336 |—0.1837| —55.0 

0.7066 | 0.8103 }—0.1037| —12.7 |0.1767 |o.4052 |—0. 2285] —56.3 

0.6556 | 0.8142 |—0.1586] —19.4 |0.4071 |—0. 2432] —59.7 

0.7368 | 0.9028 |—0.1660}) —18.3 |0.1842 |o.4514 |—0.2672| —59.1 

0.7201 | 0.7783 |—0.0582]} — 7.4 |0.1800 |o.3892 |—0.2092| —53.7 
©.7375 | 0.7529 |—0.0154| — 2.0 |0.1844 |0.3765 |—0.1921| —5I1.0 
5 leaves 

0.6371 | 0.7639 |—0.0998] —13.5 |0.1274 ]o.3685 |—0.2411| —65.4 

0.6409 | 0.6987 |—0.0578] — 8.2 |0.1282 |o. 3494 |—0.2212| —63.3 

0.7334 | 0.7867 |—0.0533]| — 6.7 |0.1467 0.3934 |—0.2467| —62.7 

0.8032 | 0.8366 |—0.0334| — 3.9 |0.1606 |o.4183 |—0.2577| —61.6 

0.7125 | 0.7987 |—0.0862} —10.7 |0.1425 |0.3994 |—0.2569| —64.3 
6 leaves 

0.7123 | 0.7268 |—0.0145| — 1.9 |0.1187 |0.3634 |—0.2447| —67.3 

0.7351 | 0.7646 |—0.0295| — 3.8 |0.1225 |o.3823 |—0. 2598] —67.9 

©.7950 | 0.8248 |—0.0298] — 3.6 |0.1325 jo.4124 |—0.2799| —67.8 
7 leaves 

0.7312 | 0.7785 |—0.0473| — 6.0 |0.1045 |o.3893 |—0. 2848) —73.1 
Epicotyl 


PLANTS UNCLASSIFIED WITH RESPECT TO NUMBER OF PRIMORDIAL 
LEAVES.—In preliminary work (samples 226-229) the total weight 
of primordial leaf tissue in the abnormal seedlings is compared 
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with the total weight in the control plants irrespective of the 
number of primordial leaves formed by the individual plants of the 
tetracotyledonous race. The total number of leaves per plant, 
however, was determined in these four series.° Thus it is possible 
to give the average weights both per plant and per leaf in the two 
series. The results show that in three of the four cases the green. 
weight as given in table I of the approximately four primordial 
leaves of the tetracotyledonous race is lower than that of the two 
primordial leaves of the dicotyledonous strain. The percentage 
differences in total weight range from +2.1 to —16.4, with a 
general average of —7.37. When the comparison is made on the 
basis of mean weight per leaf, the primordial leaf of the abnormal 
seedling is found to be on the average 54.22 per cent lighter than 
the leaf of the normal seedling. . 

For dry weight, given in table II, all four series show lower 
average weight in the tetracotyledonous strain. The percentage 
differences for dry weight of primordial leaves per plant vary from 
—1.6 to —18.0, with a general average of —10.90. On the basis 
of mean dry weight per leaf, the weight for tetracotyledonous plants 
is found to be from 49.6 to 59.9 per cent lower than that of the 
normal seedling, with a general average percentage difference 
of —55.92. Thus the results for these four samples clearly indicate 
that an abnormal race shows the same relationship to the normal 
parental race as do abnormal individual seedlings to the normal 
seedlings in the same race. 

PLANTS CLASSIFIED WITH RESPECT TO NUMBER OF PRIMORDIAL 
LEAVES.—Upon the completion of this preliminary comparison it 
seemed worth while to analyze the relationships more minutely 
by considering individually the results for seedlings of the tetra- 
cotyledonous race with varying numbers of primordial leaves. 
These results were only attained at the cost of great labor, since 
it was difficult to secure considerable numbers of seedlings of any 
given type simultaneously. It was necessary, therefore, to make 
determinations for abnormal and control plants in small sub- 
samples, and to combine these to form samples of 100 seedlings 


6 The average numbers per plant were as follows in the four samples: 226=4.07, 
227=4.15, 228=4.10, and 229=3.01. 
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each. The results are shown in table I for green weight, table IT 
for dry weight, and in table III for the percentage of dry matter in 
the primordial leaves. The data show that in the case of both 
green and dry weight tissue production is invariably higher in the 


TABLE II 
MEAN DRY WEIGHT PER PLANT AND PER LEAF IN SEEDLINGS OF A TETRACOTYLEDONOUS 
RACE AND IN NORMAL PLANTS OF THE ANCESTRAL RACE 
VALUES PER PLANT VALUES PER LEAF 
SAMPLE 
Abnormal | Control | Difference Abnormal] Control | Difference 
Unclassified 
0.0529 | 0.0600 |—0.0071) —11.8 {0.0130 |o.0300 |—0.0170| —56.6 
0.0530 | 0.0604 |—0.0074] —12.2 |0.0128 |o.0302 |—0.0174| —57.6 
0.0528 | 0.0644 }—0.0116| —18.0 |0.0129 |o.0322 |—0.0193} —59.9 
0.0539 | 0.0548 |—0.0009} — 1.6 }0.0138 |o.0274 |—0.0136) —40.6 
2 leaves 
0.0355 | 0.0587 |—0.0232| —39.5 |0.0178 |o.0294 |—0.0116| —39.4 
0.0403 | 0.0542 |—0.0139| —25.6 |0.0202 |o.0271 |—o0.0069/ —25.4 
3 leaves 
0.0492 | 0.0649 |—0.0157| —24.1 |0.0164 |o.0325 |—0.0161| —49.5 
0.0427 | 0.0562 |—0.0135| —24.0 [0.0142 |o.0281 |—0.0139| —49.4 
0.0404 | 0.0505 |—0.01601| —28.4 [0.0135 |0.0283 |—0.0148] —52.2 
©.0404 0.0539 |—0.0135| —25.0 [0.0135 |O.0270 |—0.0135| —50.0 
©.0360 | 0.0488 |—0.0128) —26.2 |0.0120 |o.0244 |—0.0124] —50.8 
4 leaves 
0.0517 | 0.0641 |—o.012 —19.3 {0.0129 {0.0321 |—0o0.0192| —59.8 
0.0470 | 0.0532 |—0.0062} —11.6 [0.0118 |0.0266 |—0.0148) —55.6 
286... ©.0493 0.0576 |—0.0083} —14.4 |0.0123 ]o.0288 }—0.0165|) —57.2 
©.0409 | 0.0540 |—0.0131]| —24.2 |0.0102 ]o.0270 |—0.0168| —62.2 
0.0444 | 0.0568 |—0.0124| —21.8 |o.0111 |0.0284 |—0.0173| —60.9 
0.0444 | 0.0516 |—0.0072}| —13.9 |0.0258 |—0.0147| —56.9 
0.0434 | 0.0478 |—0.0044] — 9.2 |0.0109 |0.0239 |—0.0130| —54.3 
5 leaves 
0.0488 | 0.0604 |—o0.0116] —19.2 |0.0098 jo.0302 |—0.0204| —67.5 
eee 0.0462 | 0.0537 |—0.0075| —13.9 |0.0092 |0.0269 |—0.0177| —65.7 
0.0501 | 0.0562 |—o0.0061| —10.8 [0.0100 |o.0281 |—o.o0181| —64.4 
0.0490 | 0.0549 |—0.0053] — 9.6 |0.0099 |0.0275 |—0.0176| —64.0 
©.0423 | 0.0500 |—0.0077} —15.4 ]0.0085 ]o.0250 }|—0.0165} —66.0 
6 leaves 
0.0528 | 0.0558 |—0.0030| — §.3 {0.0088 [0.0279 |—o0.0191| —68.4 
©.0520 | 0.0555 |—0.0035| — 6.3 |0.0087 |0.0277 |—0.0190/ —68.5 
0.0496 | 0.0565 |—0.0069] —12.2 |0.0083 |o.0283 |—0.0200) —70.6 
7 leaves 
0.0557 | 0.0614 |—0.0057| — 9.2 |0.0080 |0.0307 |—0.0227| —73.9 
Epicotyl 
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two primordial leaves of the normal ancestral strain than it is in the 
two to seven leaves of the tetracotyledonous strain. The percentage 


TABLE III 


PERCENTAGE DRY SUBSTANCE IN SEEDLINGS OF A TETRACOTYLE- 
DONOUS RACE AND IN NORMAL PLANTS OF THE 
ANCESTRAL RACE 


PRIMORDIAL LEAVES 


SAMPLE 
Abnormal Control Difference 
Unclassified 
7.601 7.940 —0.330 
7.686 7.986 —0.300 
2 leaves 
7.853 8.082 —0. 229 
ars 6.765 6.788 —0.023 
3 leaves 
7.541 7.817 —o.276 
6.976 7.075 —0o. 299 
4 leaves 
6.026 6.291 —0. 265 
5 leaves 
6.831 7.143 —0.312 
6.175 6.562 —o. 387 
BEE 5.936 6.260 —0.324 
6 leaves 
7.073 7.258 —0.185 
7 leaves 
7.620 7.892 —0.272 
Epicotyl 
7.283 7.398 —O.1I5 
7.505 7 —0.036 


values show considerable variation from sample to sample. As 
might have been expected on a priori grounds, the deficiency of 
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the weight of primordial leaves in the tetracotyledonous line is 
greatest when only two leaves are formed. 

A comparison of the average percentage differences for abnormal 
plants with various numbers of leaves gives the following results: 


No. of leaves Green weight Dry weight 
— 3.10 — 7.93 


Only one sample is available for seedlings with seven primordial 
leaves, and it is omitted from the comparison. The results for the 
other five classes show that: 

a) The difference between the total weight of primordial leaf 
tissue in the abnormal seedling and its normal control decreases as 
the number of leaves in the abnormal plant increases, but that 
throughout the entire range of variation of leaf number studied the 
tetracotyledonous plant produces a smaller total weight of leaf 
tissue than do normal plants of the line from which it was derived. 

b) The differences between tetracotyledonous and dicotyle- 
donous plants are always greater when the comparison is made on 
the basis of dry weight than when it is made on the basis of green 
weight. 

If the comparison be made on the basis of average weight per 
leaf the following results are obtained: 


No. of leaves Green weight Dry weight 
—31.55 —32.40 
—55.95 —58.12 


The percentage differences in average weight per leaf of course 
increase as the number of leaves in the abnormal seedlings increases. 
Again the greater percentage difference when dry weight serves as a 
basis of comparison is conspicuous. The percentage of dry matter 
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in the seedlings of this extremely abnormal race is shown in com- 
parison with the normal control plants in table III. The results 
are self-explanatory. Without exception, in the twenty-three 
samples representing weighings of 9958 leaves of abnormal and 
4668 leaves of normal plants, the percentage of dry matter is lower 
in the abnormal than in the control series. A study of the averages 
for the individual groups of seedlings, classified with respect to 
primordial leaf number, does not suggest a significant difference in 
the percentage of dry matter in the different classes of seedlings. 
Probably a far larger series of weighings would be required to 
bring out such a differentiation if it exists at all. 

TOTAL WEIGHT OF EPICOTYLEDONARY TISSUE IN PLANTS OF 
TERATOLOGICAL AND NORMAL RACES.—In the foregoing discussion 
comparisons were limited to the weight of primordial leaves. This 
was done because of the difficulty of securing leaves subsequently 
formed in comparable stages of development in the normal and 
teratological seedlings. It seemed desirable to supplement these 
studies by the determination of the total weight of tissue produced 
by the two races. The results for a comparison of the total weight 
of tissue produced above the cotyledonary node by tetracotyle- 
donous plants and their normal control of line 139, are shown under 
the heading “‘epicotyl”’ in the fundamental tables of data. 

The constants show that without exception the green weight and 
dry weight per plant and percentage dry matter are higher in the 
normal than in the tetracotyledonous plants. The percentage 
differences range from —7.6 to —29.4 in the case of green weight, 
and from —10.1 to —30.5 in the case of dry weight. The differ- 
ences in percentage of dry matter range from —o0.036 to —o.249. 
The average weight of green tissue per plant is 1.4447 for the 
abnormal and 1 .8088 for the control series, or a difference of —o .3640 
gm. The average dry weight per plant is 0.1093 for the abnormal 
and 0.1384 for the normal seedling, or a difference of —o.0291 gm. 
The average percentage difference for the green weight is — 18.96, 
while for dry weight the difference is —20.30. The percentage of 
dry material in the abnormal seedling is 7.6448 as compared with 
7.7740 in the control, a difference of —o.1292. 
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Summary 


This paper presents the results of an investigation of green 
weight, dry weight, and of the ratio of green weight to dry weight in 
primordial leaf tissue in mutant and parental races of Phaseolus 
vulgaris. ‘The data show that when grown under as nearly identical 
conditions as possible the primordial leaves of the mutant (tetra- 
cotyledonous) show a smaller green weight, a smaller dry weight, 
and a lower ratio of dry weight to green weight than those of the 
normal (dicotyledonous) parental race. Thus the tetracotyle- 
donous race is distinguished not merely by striking morphological 
differences, but by physiological differentiation as well. In this 
respect the results for the heritable mutant race are in agreement 
with those for variant individuals within the same strain. 
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TECHNIQUE IN CONTRASTING MUCORS 


ALBERT F. BLAKESLEE, DONALD S. WELCH, AND J. LINCOLN CARTLEDGE 


(WITH TWO FIGURES) 


For the last two years a more or less intensive study of the 
sexual reactions between different races of mucors has been con- 
ducted. These reactions have been tested by growing the races 
side by side in culture dishes under suitable environmental condi- 
tions and observing the abundance of conjugations which take 
place between the races thus ‘‘contrasted.’’ In making so large 
a number of contrasts, it has been necessary to develop a special 
technique in order to minimize the time consumed in the prepara- 
tion and handling of the cultures, to obtain greater accuracy in 
making observations, and to avoid the various experimental 
errors to which one untrained in the work is liable. As has 
already been shown, the discordant results obtained by different 
investigators working with the same species of mucors may be 
explained by a difference in the technique employed. It has 
seemed desirable, therefore, to give in some detail the methods used 
before presenting the results of the investigations in a series of 
papers which it is hoped to publish shortly. 

GROSS CULTURES.—As a source of races to be investigated, 
gross cultures grown in the laboratory are more convenient than 
natural cultures found out of doors. Certain forms are character- 
istic of certain types of substrata. Most mycologists are familiar 
with the flora obtained from dung cultures made by placing bits 
of dung on filter paper above damp peat moss in a covered crystalliz- 
ing dish. Brazil nuts have been found a constant source of certain 
forms such as Cunninghamella bertholletiae, C. echinulata, Syncephal- 
astrum, and certain other species. In making gross cultures of 
these nuts it was found convenient to use chiefly the shells, since 
the meats furnish too luxuriant a supply of nutrient, so that 
Rhizopus is likely to overgrow the less vigorous forms in the culture. 
The nuts were cracked separately and their shells placed in piles 
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on filter paper above peat moss in shallow galvanized cake tins 
covered with glass plates. The shells of each nut were kept 
separate and placed near the edge of the culture dish in order to 
facilitate their examination with the hand lens. The hands and 
the nut-cracker were sterilized with alcohol after cracking each nut, 
in order to prevent an undue amount of infection of one nut from 
spores which may have been on the one cracked previously. It 
was the usual practice to reserve a culture dish for the nuts obtained 
from a single collection, despite the fact that many of these collec- 
tions were from stores within a radius of thirty-five miles from 
New York City, and very probably had the same ultimate source. 

Another prolific origin of mucors is soil obtained from different 
sources. It was most conveniently scattered on bread, which fur- 
nished a suitable medium for the germination and growth of the 
spores which the soil might happen to contain. The bread before 
using was sterilized in the autoclave without pressure for about 5 
minutes, a longer time not being used since it might make the bread 
soggy. If the surface of the bread has become dry, it may be 
moistened slightly with sterilized water. 

STOCK CULTURES.—The races were obtained in pure cultures 
by making transfers from individual heads in the gross cultures. 
Since there is possibility of spores from another race being on the 
head from which the transfer was made, a second pure transfer 
was regularly made from an individual head in the first test tube, 
thus avoiding the likelihood of the stock cultures being mixtures of 
more than a single strain. As a precaution against too rapid dry- 
ing out, the amount of agar flour in the stock cultures was raised 
from 2 to 3 per cent, and standard no. 230 nutrient, consisting of 2 
per cent each of dextrose and dry malt extract plus o.1 per cent 
meat peptone, was used. 

INFECTION.—Knowledge of an investigator's methods may 
enable the impartial critic to judge whether the known sources of 
experimental error are properly guarded against. ‘To the bacteri- 
ologist and the student of fungi in pure cultures, one of the greatest 
sources of error is infection. When this infection is caused by a, 
form different in appearance from the species under cultivation, 
the presence of the foreign growth is readily recognized. Infection 
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is less readily recognized, however, when the invading growth is 
another race of the same species. Syncephalastrum and Cunning- 
hamella are forms which bear their spores externally and shake them 
off at the slightest touch or breath of air. When a dish containing 
a mature culture of these species is opened, the spores may be seen 
to rise in clouds. The spores of Rhizopus, although inclosed in a 
sporangium, are readily scattered into the air by the rupture of 
the brittle sporanguim wall, and in consequence Rhizopus also is 
a common source of infection. That the air may be filled with 
viable spores of both sexes of Cunninghamella has been shown by 
exposing Petri dish cultures for a short time and growing them 
at a temperature suitable for zygospore formation. In the 
laboratory where Cunninghamella had been recently grown, it was 
always possible to find growths of the same species in Petri dishes 
exposed in this way, and frequently both the sexual races were 
obtained, as shown by the production of their zygospores. Experi- 
ence has shown, therefore, that in working with Cunninghamella one 
must observe greater precautions to avoid air-borne infection with 
other strains of the same species than is necessary when working 
with many other forms. 

Not only are cultures of Cunninghamella especially liable to 
infection with spores of the same species, but the spores of this 
species which gain access to a mature culture are able to germinate 
and grow on the aerial mycelium which they infect. With most 
mucor species, vigorous growth on the nutrient substratum is 
necessary before zygospore formation is possible. With Cunning- 
- hamella, however, connection with the nutrient agar does not appear 
to be necessary in order to allow the mycelia to assist in zygospore 
formation, since if spores of one sex are planted on an aerial growth 
of the other sex, zygospores are likely to be produced. This 
peculiarity of Cunninghamella was responsible in the earlier cultures 
for the appearance of zygospores where they should not be found 
on the theory of sexual dimorphism, and led to a repetition of the 
first series of cultures and a revision of the technique. 

_ NvutTRIENT MEDIA.—The method of growing and testing races 
of Cunninghamella for sexual reactions was the same as that adopted 
for other forms, with such slight modifications as the peculiarities of 
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the individual species demanded. Two per cent agar with the addi- 
tion of different nutrients was used as a substratum in all cases. 
The formula varied with the different species tested. No. 230 
standard stock nutrient (already described) was used in the tests 
when possible. Before starting an extensive series of tests of a 
given species, however, the effects of a number of different nutrients 
were tested, and the one chosen which was able to support a relatively 
abundant production of zygospores. For “imperfect hybridiza- 
tion’’ reactions no better nutrient was found than no. 362, which 
is a milk whey agar consisting of 2 per cent agar, 1 per cent dextrose, 
and 2 per cent dry milk whey powder. Some species form zygo- 
spores at laboratory temperatures, while others require a higher 
temperature for sexual reproduction. The species of Cunning- 
hamella investigated belong to the latter class, and accordingly 
tests of this genus have been grown in the incubating oven at 
temperatures between 24° C. and 28° C. 

CULTURE DISHES.—A suitable culture dish is a matter of some 
importance, especially when large numbers of cultures are handled 
together. It should be relatively small in order to economize 
space, and yet should provide sufficient surface of the nutrient 
medium to support vigorous growth of the two contrasted mycelia. 
The danger of infection must be reduced to a minimum, and yet 
the dishes should be such as to be manipulated easily in being 
filled with nutrient, inoculated with the races to be tested, stored 
during incubation, and examined under the microscope. Test 
tubes, although fitted for holding material in stock cultures, 
require considerable time to be plugged, filled, and sterilized, and 
moreover cannot easily be handled for observation under the 
microscope. Petri dishes, while in many ways superior to test 
tubes, are expensive, do not stack well, and are furnished with a 
loosely fitting rimmed cover. The Syracuse watch glass with 
ground rim for pencil labeling has been found to satisfy all the 
requirements of a safe and convenient culture dish, and has been 
used almost exclusively in recent years in testing contrasts between 
different races. They are conveniently handled in stacks of five, 
four dishes for cultures and an empty one for the top cover. Each 
dish, except the bottom one, serves thus as a cover for the one 
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below. A single stack, therefore, can be used in testing each 
of two races by contrasts with a plus and a minus tester. The 
stacks of culture dishes are dry sterilized, and when cool filled with 
sterilized nutrient agar slightly above the melting point. If the 
agar is too warm, moisture may condense on the covers and later 
drop on to the surface of the hardened agar. The process of pour- 
ing agar into the dishes is carried on in a special culture room to 
minimize danger of contamination. The cultures are ready for 
inoculation as soon as the agar has begun to harden. Pouring 
agar into sterile dishes rather than sterilizing the dishes after they 
have been filled not only saves considerable time in the process, 
but avoids the spattering of nutrient on the edges of the dishes, 
which is likely to ensue when they are autoclaved, and is a ready 
source of infection. It has not been found necessary to use cleared 
agar, but the sediment at the bottom of the flask from which the 
stacks are poured has usually been discarded. This sediment may 
be conveniently anchored to the bottom by cooling the flask when 
full in a shallow pan of water. 

INOCULATIONS.—Since forty or more individual races in test 
tubes may be used in inoculating a given series, it is obvious that 
some precautions are necessary to avoid contamination from spores 
falling from these tubes, or from the weft of spore material taken 
from them for inoculation. Exposed Petri cultures have shown 
that this danger is great if not guarded against. In making inocula- 
tions, great care was taken never to expose to the air in the inoculat- 
ing chamber any spore material in a dry condition. A fairly 
large piece of rather soft agar was transferred with a flamed plati- 
num needle or spatula to the tube from which it was wished to 
obtain a transfer. The piece of agar was cautiously pushed against 
the spore material, and thoroughly mixed with it, care being 
observed that no dry filaments adhered to the needle or to the 
mixture of agar and spore material to be used as the inoculum. 
Moreover, the cotton plug was not removed suddenly from the 
test tube, since if this is done spores are likely to be shaken into 
the air, sometimes in visible clouds. After the inoculation the 
needle was not at once flamed, as the heated inoculum may sputter 
and scatter bits containing viable spores. The needle, therefore, 
was left in a tube of about 80 per cent alcohol while the label was 
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being written on the culture. This alcohol bath helps to sterilize 
not only the needle but also the base of the needle holder, which 
cannot readily be flamed, but which may carry spores from the 
test tube cultures. The alcohol was burned off and the needle 
flamed before a new inoculation was made. A layer of shot will 
be found convenient to weight the jar of alcohol and to receive 
the point of the needle. It is a rule of the laboratory never to lay 
a test tube down from which a transfer is being made until the 
label is written on the new culture. 

The first race to be tested was inoculated in a streak at the 
left and at the right respectively of the first and second culture 
dishes in the stack. Similarly the second race was streaked at 
the left of the third dish and at the right of the fourth dish. In 
like manner other stacks were inoculated with the remaining races to 
be tested, so that finally a series of stacks was secured with two 
of the dishes streaked with one race and two dishes with another 
race. They were then ready to be planted with the testers, which 
are most conveniently a pair of races of opposite sex. In such a 
case, the plus was streaked on the right of the first and third culture 
dishes of each stack, and the minus on the left of the second and 
fourth dishes. Each dish, therefore, contained a tester and a 
race to be tested, and each stack accordingly completely tested 
two races. An advantage in choosing a plus and a minus race as 
the two testers in a series was that they could be planted together 
as controls for the production of zygospores. They may be 
grown in duplicate, and a pair of dishes with nutrient but without 
inoculations may complete the control stack and give evidence 
of the amount of infection to which the cultures are liable. In 
inoculating the testers a larger amount of spore material was rolled 
up on the needle, which sufficed without renewal for the inocula- 
tion of 30 or 40 dishes. With practice the process of inoculation 
could be carried on with relative rapidity. In inoculating a culture 
with more than a single race, the needle should be kept on its own 
side, to decrease the likelihood of spores falling upon a part of the 
substratum reserved for another race. 

When “imperfect hybridization” was expected, the tester and 
the race to be tested were streaked so that the lines of inoculation 
formed a V instead of running parallel. In consequence, the two 
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mycelia met sooner in their growth at one end of the line of contact 
than at the other, and thus offered a greater area at a given time 
for the observation of sexual reactions which may soon be covered 
by the later growth of the mycelium. Obviously the angle of the 
V must be left open, and care taken in planting a tester to avoid 
touching with the needle the previous line of inoculation. The 
distance between the points or lines of inoculations may be a matter 
of some importance, since certain forms fail to produce zygospores 
in the line near the inoculations, while others produce them only 
within a distance of a few millimeters from the inoculations. 

After inoculation, the stacks are stored in the incubating oven 
if greater than laboratory temperature is necessary. If the stacks 
are inverted until the mycelium covers the agar, the danger is 
avoided of water condensing on the dishes above and falling upon 
. the cultures, with a consequent running together of the recently 
made inoculations. It may be found desirable to have jars of 
water on the culture shelves to prevent the nutrient from drying 
out before they are finally recorded. Before the cultures had 
matured, they were inspected to see whether any inoculation had 
failed to grow. With Cunninghamella the inspection was more 
thorough than with most other forms, and consisted in an exami- 
nation for beginnings of conjugation such as are seen in “imperfect 
hybridization.”” Apart from this early inspection on the first or 
second day after inoculation, and before there is much danger in 
disseminating spores from the cultures into the air, the stacks were 
not opened before being sterilized in the autoclave, generally on the 
seventh or eighth day. The heat of the autoclave melts the agar and 
tends to glue the filaments to the bottom of the dish above. It 
was found convenient, therefore, to have the stacks inverted during 
sterilization, with a pan below to catch the melted agar. Just 
before cooling the stacks were erected and each dish lifted in succes- 
sion. Any of the cultures still adhering to their covers after this 
procedure may be freed by the use of alcohol. Keeping the dishes 
closed while the spores are likely to be shed reduces the amount of 
infection of the laboratory air, which is probably impossible to 
prevent entirely when a species like Cunninghamella or Syncephalas- 
trum is cultivated in a wholesale manner. Fig. 1 shows a series 
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of empty stacks in the inoculating room ready for pouring. A 
tube of alcohol is seen at the right holding the inoculating needles. 

EXAMINATION OF CULTURES.—The cultures were examined under 
the binocular microscope by the transmitted light of a substage 
electric lamp. In some species the mycelium and spores above the 
substratum hid any zygospores which might be present, and neces- 
sitated manipulating the culture before examination. Wetting 
with alcohol, pressing down the aerial] growth with the finger, and 
even washing the spores away under a jet of water occasionally 
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Fic. 1.—Inoculating chamber with stacks of culture dishes ready for pouring 


was found necessary. The relative abundance of zygospores when 
present is shown by the grades A to D. A indicates about the 
maximum number of zygospores to be expected of the species under 
the given environmental conditions, while D indicates generally less 
than a dozen zygospores in the whole culture. Absence of zygo- 
spores is indicated by O. Naturally the zygospores would be 
expected to form in greatest numbers at the line of contact between 
the opposing mycelia, and in some species produce a sharply defined 
dark line. In forms like Rhizopus and Cunninghamella, in which 
the zygospores are produced on branching aerial filaments, the 
zygospores may spread from this median line until ultimately 
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they are scattered through the whole culture. They should not 
be least abundant in the center, however, and a very few isolated 
zygospores at some distance from the line of contact make one 
suspicious of possible infection and demand a repetition of the 
culture. 

In the study of incompleted sexual reactions such as are found 
in “imperfect hybridization,” greater care must be exercised than in 
the observation of zygospores, since the cultures have not been 
sterilized, and infection may take place in an early examination of 
the dishes and be the cause of the sexual reactions seen when the 
cultures are looked at later. At first glass plates were used to 
cover the cultures, to prevent the delicate filaments from drying 
and collapsing while they were being examined. This entailed 
cleaning and sterilizing the plates in alcohol and afterwards drying 
them, and consumed more time than the procedure finally adopted. 
By this method a stack was placed on a sheet of wet blotting paper 
and covered with a crystallizing dish lined with moist paper, thus 
forming a humidor for the cultures. The stage of the binocular 
microscope was covered by several layers of wet blotting paper 
perforated to match the opening in the stage for the entrance of 
light. A collar of moistened blotting paper formed a moist chamber 
with the wet paper on the stage and allowed the examination of 
a culture to continue for some time without collapse of the hyphae. 
The cover was removed from the stack in the humidor formed by 
the crystallizing dish and placed upside down on the table. The 
bottom of the first culture dish was swabbed with a pledget of 
cotton soaked with alcohol before being put in the moist chamber 
formed on the stage of the binocular, and after being examined was 
placed upside down on the inverted cover. The second, third, 
and fourth cultures were treated in a similar manner, except that 
the bottom of the fourth culture, which had not been in contact 
with any culture below it, was not treated with alcohol. After 
the last dish had been removed from the humidor and examined, 
it formed the last member of an inverted stack, and a new stack 
was placed in the humidor ready for examination. From time to 
time it was found necessary to re-wet or renew the blotting paper 
on the binocular. The paper on the stage is theoretically capable 
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of transmitting spores to the cultures examined, but when the 
dishes were treated with alcohol in the manner indicated, it has not 
proved asourceoferror. Fig. 2 shows the arrangement of apparatus 
in an examination of cultures. At the left are two trays with stacks 
of cultures ready for examination. Next toward the right is a 
glass plate containing the humidor and the inverted members of 
a stack already examined. On the stage of the binocular is a 
culture under examination. The fifth dish of the stack not yet 
examined is covered by the humidor. At the extreme right is a 
series of inverted stacks which have already been examined. The 


Fic. 2.—Culture dishes and apparatus used 


stender dish marked “alcohol”’ contains a wad of cotton for swab- 
bing the dishes. Blotters are seen on the stage of the binocular as 
well as the paper collar which partially incloses the culture under 
examination. 

In earlier work on “imperfect hybridization” the bits of mycelium 
at the line of contact between two races were removed with needles 
and teased out for examination under the compound microscope 
in order to determine the presence or absence of sexual reactions. 
Unless stages in conjugation are relatively abundant, they are much 
more likely to be missed by this method than when examined at 
the proper time in the living condition under the binocular. The 
time of examination, however, must be well chosen, since if an 
examination is attempted after the line of contact between the two 
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races has become grown over, even a relatively strong reaction 
may not be evident. The growth of only a few hours may render 
a regrading of a culture impossible. 

In the foregoing pages some of the sources of experimental 
error likely to be encountered in studying the sexual reactions 
between races of mucors have been pointed out, and the technique 
which a familiarity with these sources has led the writers to adopt 
has been outlined. What has been written may serve as an introduc- 
tion to a paper to follow in this journal, in which it may be possible 
to show that the discordant conclusions reached by certain inves- 
tigators working with the same material may have been due to 
differences in the methods employed. 


STATION FOR EXPERIMENTAL EVOLUTION 
Sprinc Harsor, N. Y. 


GERMINATION OF AECIOSPORES, UREDINIOSPORES, 
AND TELIOSPORES OF PUCCINIA CORONATA® 


G. R. HOERNER 


During comparatively recent years several workers have con- 
tributed considerable information concerning the phenomena of 
spore germination of crown rust of oats. The data herein recorded 
were the result of a series of experiments undertaken to determine: 
(1) the viability of aeciospores collected in several localities on 
species of Rhamnus; (2) the length of time urediniospores from a 
number of grass hosts, obtained in different localities, would remain 
viable; (3) the conditions under which urediniospores developed 
from artificial inoculations of oats in the greenhouse could retain 
their ability to germinate; (4) the optimum temperature for the 
germination of viable urediniospores; (5) whether teliospores devel- 
oped on oat seedlings in the greenhouse would germinate imme- 
diately; and (6) how early in the spring teliospores produced in the 
field on a variety of hosts and collected in various places would 
germinate. 

AECIOSPORE GERMINATION.2—From June 22 to July 11 inclu- 
sive specimens of rusted Rhamnus were collected at Montevideo 
and Moorehead, Minnesota; Wahpeton, North Dakota; Aberdeen 
and Brookings, South Dakota; and Beaver Dam, Wisconsin. 
Immediately following collection in the field, the fresh material was 
posted to Saint Paul, Minnesota, where the specimens were uni- 
formly packeted in manila envelopes and filed in tin herbarium 
case -boxes. The minimum period from the date of collection to 
the time the spore germination tests were made was 167 days. 
Negative results were attendant upon all attempts at germination 
of the aeciospores from any of the specimens. 


«Investigations carried on while a graduate student at the University of 
Minnesota, 1916-1918. 
2 All spore germination tests in these experiments, unless otherwise stated, were 


made in hanging drops of distilled water in van Tieghem cells at room temperature 
(about 18°C.). 
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UREDINIOSPORE GERMINATION.—Rusted specimens of either 
Avena fatua, A. sativa, or A. sterilis were collected from May 7 to 
December 15 inclusive at San Diego and Santa Barbara, California; 
Carrol, Missouri Valley, Onawa, and Sioux City, Iowa; Lexington, 
Kentucky; Gilliam and Shreveport, Louisiana; Albert Lea, Belle 
Plaine, Caledonia, Granite Falls, Hinckley, Pipestone, Preston, 
Saint Paul, Sauk Center, Spring Valley, Two Harbors, Virginia, 
Wabasha, and Zumbrota, Minnesota; Sedalia and Springfield, 
Missouri; Pembina, North Dakota; Brookings, Bushnell, and 
Newell, South Dakota; Jackson, Knoxville, and Nashville, Ten- 
nessee; Beaumont and San Antonio, Texas; Lynchburg, Virginia, 
and Madison, Wisconsin. The freshly acquired material was 
treated in the same manner as were the specimens of the aecio- 
sporic stage. After a maximum period of 87 days from date of 
collection, the urediniospores collected on A. sativa were still viable. 
. To determine the possibility of differences in the germinating 
capacity of urediniospores secured on various hosts in different 
localities, when subjected to similar environmental conditions, the 
following series of greenhouse inoculations was devised: 

a) Rusted specimens of A. sativa were collected at Saint Paul, 
Minnesota. The spores were used as the original inoculum for 
infecting Improved Ligowa Oats (Minn. 281). Spores obtained as 
a result of this infection were again used as a source of inoculum 
for another set of the same host. This procedure was continued 
for five successive spore generations. 

b) Rust collected on A. sterilis at Saint Paul, Minnesota, was 
used as the original inoculum for infecting the same host as that 
mentioned in the preceding case. The subsequent procedure was 
the same. 

c) The original inoculum for the third series was identical with 
that described in the second series. The successive inoculations 
resulted in two spore generations being developed on Improved 
Ligowa Oats (Minn. 281), one generation on A. sterilis, followed by 
two generations on Improved Ligowa Oats (Minn. 281). 

d) Rusted specimens of A. séerilis were collected at Lynchburg, 
Virginia. The spores were used as the original inoculum. Sub- 
sequent inoculations resulted in five spore generations being devel- 
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oped on Improved Ligowa Oats (Minn. 281), one on A. séerilis, 
two on Improved Ligowa Oats (Minn. 281), followed by one 
generation on A. sterilis. 

e) Rust collected on A. sativa at Lynchburg, Virginia, was used 
as the original inoculum. Subsequent inoculations resulted in five 
spore generations being developed on Improved Ligowa Oats (Minn. 
281), one on A. fatua, followed by two generations on Improved 
Ligowa Oats (Minn. 281). 

f) Rusted specimens of A. fatwa were collected at San Diego, 
California. The spores were used as the original inoculum. Sub- 
sequent inoculations resulted in thirteen successive spore genera- 
tions being developed on Improved Ligowa Oats (Minn. 281). 

g) Rust collected on A. sativa at Tallulah, Louisiana, was 
used as the original inoculum. Subsequent inoculations resulted 
in thirteen successive spore generations being developed on 
Improved Ligowa Oats (Minn. 281). 

Heavily rusted leaves were cut from plants in each series and 
placed in Petri dishes. Germination tests showed the spores from 
each series to be viable when removed from the greenhouse. The 
following environmental conditions were provided: 

A. Petri dishes were placed outside and protected by covering 
with about one foot of leaves and snow. 

B. Petri dishes were placed outside and not afforded any 
protection. 

C. Petri dishes were wrapped in heavy manila paper and 
placed in a dark cabinet drawer, indoors. 

D. Petri dishes were placed indoors fully exposed to sunlight. 

Material from series a, b, f, and g was subjected to environment 
A; from series a, e, f, and g to environment B; from series } and g 
to environment C; from series ¢ and g to environment D. Series 
a, c, e, f, and g under all of the environmental conditions and series 
g under environments A, B, and D gave no positive germination 
tests. The germination tests from series } under all environments 
provided, of series d under environment A, and of series g under 
environment C were all positive. The temperature range for 
environments out-of-doors was between — 27°F. and 42°F. inclu- 
sive, while for the indoors environments it was between 29° F. and 
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86° F. inclusive. No consistent differences as to viability of spores 
from various hosts and with different greenhouse life histories 
were noted. 

Specimens of rusted A. sativa were collected at Saint Paul, 
Minnesota. Attempts were made to germinate spores at different 
temperatures, which resulted in positive germination tests at rela- 
tively low temperatures (about 7°C.), although apparently not 
above 32°C. A temperature of about 18°C. seemed to be the 
optimum. 

JOHNSON,’ in his germination studies of uredospores of crown 
rust of oats, came to similar conclusions. He gave 7°-8°C. as the 
minimum, 30°C. as the maximum, and 12°-17°C. as the optimum 
for germination. 

TELIOSPORE GERMINATION.—Uredinial material collected from 
January 21 to April 20 on A. sativa and A. sterilis at Saint Paul, 
Minnesota, was used as the original source of inéculum from which 
sixteen different series of seedling oat hosts in the greenhouse were 
infected. Plants of each series produced telia in abundance. 
Negative results were obtained in all attempts to germinate these 
teliospores. Rusted specimens of either A. sativa or A. sterilis 
were collected from May 19 to May 2 of the year following, at 
Baton Rouge, Louisiana, and Olivia, Rochester, and Saint Paul, 
Minnesota. All attempts at germination gave negative results. 


Summary 


1. Aeciospores from herbarium specimens of Rhamnus were not 
viable after a period of 167 days from date of collection. 

2. Urediniospores from herbarium specimens of Avena sativa 
proved to be viable as long as 87 days after date of collection. 

3. Unprotected urediniospores lost their viability within 22 days, 
with a minimum temperature, during this period, of — 27°F. and 
a maximum of 42°F. 

4. When afforded protection with a temperature range similar 
to the unprotected, these spores remained viable as long as 44 days. 

5. Exposed to light, viability of urediniospores was lost within 


3 Jounson, E. C., Cardinal temperatures for the germination of uredospores of 
cereal rust. Phytopath. 2:47, 48. 1912. 
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23 days, during which period the maximum temperature was 86°F. 
and the minimum 29°F. 

6. Kept in the dark, urediniospores at similar temperatures to 
those exposed to light, remained viable as long as 79 days. 

7. Urediniospores germinated at a temperature as low as 7°C., 
with an optimum of 18°C., and a maximum of 32°C. 

8. Teliospores developed on oat seedlings in the greenhouse and 
not afforded a period of overwintering did not germinate. 

g. Previous to overwintering and as late in the spring as May 2, 
teliospores developed in the field were incapable of germination. 


OREGON AGRICULTURAL COLLEGE 
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CURRENT LITERATURE 


MINOR NOTICES 


Handbook of Yosemite National Park.—Hatt' has edited a volume of 
information in reference to Yosemite National Park. He has also written the 
chapter on trees, but the volume is really the combined product of more than 
a dozen specialists, and appears to be decidedly superior to the handbooks 
usually available for the guidance of travelers. The ideas and policy of 
actuating the best minds of the nation in the creation, administration, and use 
of such parks are admirably set forth by STEPHEN T. Matuer, Director United 
States National Park Service. 

Several professors of the University of California have contributed chap- 
ters on their own subjects, KROEBER dealing with the anthropology, Lawson 
with the geology, GRINNELL with the animal life and its distribution according 
to life zones, VAN DYKE with the insects, and JEPSON with the plant life. All 
these accounts are in attractive style and are scientifically accurate. JEPSON’S 
chapter on the Sequoia seems to be particularly happy in presenting the life 
problems of these great trees in attractive and accurate form. His treatment 
of the wild flowers is based upon ecological principles, and here, in common 
with the other chapters of the book, there is appended a sufficient bibliography 
to lead the interested traveler or student into the available literature upon 
the subject.—GeEo. D. FULLER. 


Plant analysis.—Stechert and Company have recently republished GREEN- 
IsH’s translation of DRAGENDORF’s Plant analysis, qualitative and quanti- 
tative.—W. CROCKER. 


NOTES FOR STUDENTS 


Mutation.—For the past two decades the term mutation has held a very 
prominent place in the vocabulary and thought of biologists, yet most of us 
have had a very inexact understanding of the phenomena involved. Even 
now an understanding of the causes is probably quite remote, but at least our 


* HALL, ANSELL T., Handbook of Yosemite National Park. 12 mo. pp. ix+347. 
pls. 27 and map. New York: Putman’s Sons. 1921. $2.50. 

2 DRAGENDORF, G., Plant analysis, qualitative and quantitative. pp. vii+280. 
Translated by HENry G. GREENISH. 1883. 
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knowledge of the characteristics of mutation are rapidly becoming more 
accurate. Mutations were first “discovered” by in Oenothera 
Lamarckiana, and characterized as being qualitative, discontinuous, and con- 
stant changes in the germ plasm. These three fundamental characteristics 
still hold true, but some of DE Vries’ other ideas on the subject have been 
considerably qualified by later work. For convenience the phenomena may 
tentatively be classified under five heads. Information has come largely from 
the published reports of a number of investigators, as indicated, and to some 
degree is supplemented by papers delivered at the last meetings of the Ameri- 
can Association. 

1. Locus CHANGE.—These are changes restricted to a single locus of one 
of the chromosomes. Usually they are effective only on one chromosome of a 
pair, without affecting the corresponding locus ofits allelomorphic mate. Con- 
sequently the change first appears in the heterozygous condition. Baur: 
estimates that such changes originate in the heterozygous condition 400 times 
as frequently as in the homozygous. These are mostly “‘loss’’ mutations and 
recessive to the previous condition. Only a very few dominant or “gain” 
mutations have been reported. This illustrates the trial and error method by 
which nature operates, only rarely making those gains which must serve as 
the basis for progressive evolution. In the fruit-fly these changes take place 
late in gametogenesis, since only one new individual of the new type appears 
in a progeny. Baur, working on Antirrhinum, concludes that changes of 
this sort take place more frequently in the vegetative tissues than in connection 
with gametogenesis, which should result in large numbers of the new type 
among the progeny. In this respect it is quite probable that we are dealing 
with fundamentally different situations in animals, where the germ cells are 
differentiated so early in ontogeny, and in plants, where the germ cells are 
merely late products of permanent growing points. 

ZELENY‘ states that there is no periodicity to these mutations, thus 
refuting one of the early ideas of De Vries. The same investigator demon- 
strates that reverse mutations are more frequent than original mutations. 
This, however, is simply because they are in the reverse direction, and not 
because of their recent origin. In the case of these reverse mutations, the 
changes are always full jumps back to the original starting point, and never 
result in an intermediate condition; nor will the selection of extreme types at 
all modify the rate at which these reverse mutations occur. In the opinion 
of the reviewer, however, this does not completely dispose of the possibility of 
modifying the rate of mutation by selection (it seems quite possible that rate 
of mutation might fall under the influence of multiple modifying factors). 


3 Baur, Erwin, Mutationen von Antirrhinum majus. Zeit. Induct. Abstamm. 
Vererb. 19:177—-193. figs. 10. 1918. 


4ZELENY, CHARLES, The direction and frequency of mutation in a series of 
multiple allelomorphs. Anat. Rec. 20:210-211. 1921. 
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MULLER and ALTENBURG,S who have conducted a critical examination of 
the fruit-fly for mutations occurring on the first and second chromosomes, 
state that the vast majority of mutations have a lethal or semilethal effect 
when present in the homozygous (recessive) condition. It is obvious, there- 
fore, that a critical search for mutations must involve a very special technique. 
MULLER is in possession of this technique through his intimate knowledge of 
the linkage groups on the chromosomes in question, and his ability to detect 
the absence of certain expected classes. On the sex chromosome he uncovered 
the startling fact that 50 per cent of the mutations were located in a restricted 
region at one end of the chromosome, which amounted to about 2 per cent of 
its length as charted from cross-over values. It is an open question whether 
this indicates a highly mutable region of the chromosome, or whether cross- 
over values are an inaccurate index of length. 

The most promising phase of MULLER’s work arises from this critical 
study of the rate of mutation. Considering the whole length of the sex chro- 
mosome, one mutation occurs in 106 gametes. For the second chromosome 
the corresponding value is one in 175 gametes. ZELENY states that mutation 
is as frequent in one sex as in the other. Having established these constants, 
MULLER is now investigating the possibility of modifying the normal rate of 
mutation. Already he has been successful in depressing the rate one-half by 
means of low temperatures. Eventually such work may be of great practical 
value. A knowledge of the conditions necessary for the maximum rate of 
mutation should enable the pedigree culturalist to achieve much more rapid 
results than otherwise. 

2. DEFICIENCYy.—A rare phenomenon is described by BripcEs,® working 
on the fruit-fly. This is more extensive than a simple locus change, being a 
“regional mutation,” a loss or “inactivation” of a portion of a chromosome. 

3. DupLicATION.—Brinces describes another rare change, and other 
investigators have suspected similar phenomena. Some abnormal mitosis has 
resulted in the appearance of an extra piece of chromosome which duplicates 
in content a known region of the sex chromosome. 

4. NON-DISJUNCTION.—This phenomenon, made famous through the 
classic work of BRIDGES on the sex chromosome of the fruit-fly, may prove to 
be a fairly common occurrence. In an irregular reduction division one of the 
chromosomes fails to ‘‘disjoin” properly from its mate. As a result, one or 
two gametes are formed with an extra chromosome, and others which lack 
this chromosome. The mating of one of the former with a normal gamete 
would produce a zygote with an extra chromosome. BLAKESLEE, BELLING, 


5 MuLLER, H. J., and ALTENBURG, E., A study of the character and mode of 
origin of eighteen mutations in the X-chromosome of Drosophila. Anat. Rec. 20: 
213. 1921. 


6 Bripces, CALvin B., Vermilion-deficiency. Jour. Gen. Physiol. 1:645-656. 
Ig IQ. 
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and FARNHAM? have discovered this phenomenon in Datura. The normal 
diploid number of chromosomes in this form is twenty-four. Twelve different 
“mutants” have been discovered with twenty-five chromosomes. This seems 
to indicate that each of the twelve chromosomes (haploid) has failed to disjoin 
at least once in history. These twelve new forms are abnormal in their vege- 
tative features, and notably low in fertility. 

5. TETRAPLOIWY.—A hurried or incomplete mitosis will sometimes result 
in the simultaneous duplication of all of the chromosomes. This phenomenon 
has been observed several times, and there are indications that it has taken 
place frequently in the past. A general survey of the chromosome counts 
emphasizes the fact that the haploid number is much more frequently an even 
number than an odd one. This, together with the fact that there are several 
species groups in which the chromosome count of some of the members is just 
twice that of the others, suggests that tetraploidy may have played a con- 
siderable réle in evolution. Tetraploidy commonly, but not always, brings 
gigantism. 

BLAKESLEE now puts the finishing touches on this tetraploidy conception 
by more work on Datura. In addition to the abnormal forms with twenty-five 
chromosomes, he has discovered one completely triploid (thirty-six) and 
one tetraploid form. These latter both seem to be in a “better balanced” 
condition than the non-disjunctional (twenty-five) forms, since they are more 
“normal” with respect to their vegetative features and fertility. The beauty 
of the situation arises from the fact that the tetraploid type contains a pre- 
viously known Mendelian factor. In normal forms a hybrid of the compo- 
sition Aa will give a 3:1 ratio of purple- and white-flowered in the F,. The 
tetraploid form AAaa gives gametes in the ratio 1A A:4Aaz1aa. These 
recombine to produce an F; of 35 purple:1 white. The F; and later generations 
behave according to expectations on this basis. 

A question of terminology now arises. Of these various types of germinal 
changes, it seems the consensus of opinion to restrict the term mutation to the 
locus change. This is undoubtedly the most frequent type of change to take 
place, and possibly the most effective single factor in evolution. Deficiencies 
and duplications are very rare at best. Non-disjunction and tetraploidy are 
probably fairly common, and the latter is doubtless very important in evolu- 
tion. These last two (and probably duplication as well) may be referred to 
collectively as “chromosome aberrations.” 

All of this differs from mutation as originally described by DE Vries. 
This is not surprising in view of the fact that the original example of muta- 
tion was not a true case of mutation at all; it now seems certain that O. Lamarck- 
jana is a hybrid, and its “mutants” merely recessives being segregated out. 


7 BLAKESLEE, ALBERT F., BELLING, JOHN, and Farnuam, M. E., Chromosomal 
duplication and Mendelian phenomena in Datura mutants. Science 52:388-390. 1920. 
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Mutter’ deserves the credit for solving this vexing problem. In the fruit-fly 
he discovered an essentially true-breeding hybrid race, and explained it by 
a system of balanced lethal factors. These factors assert their lethal effect 
only when they occur in the homozygous recessive condition. In this 
race of flies, two such factors are present in heterozygous condition on the 
same pair of chromosomes, the dominant members of the heterozygous sets 
being on the opposite chromosomes of the pair. Such a hybrid continues 
to breed true as such, since any attempt to segregate brings the homo- 
zygous recessive condition of one or the other lethal with resulting death 
to the progeny. The recessives of any heterozygous set on this same 
chromosome pair will remain concealed when the stock is allowed to in- 
breed. Occasional crossing-over will cause the appearance of a few (but 
in predictable frequencies) of these recessives, like the “‘mutants’’ thrown by 
O. Lamarckiana. 

It is interesting to note that Dr Vries? himself now subscribes to 
an explanation which is fundamentally identical with the preceding. About 
one-half of the seeds of O. Lamarckiana are empty. Der VRIES explains 
by saying that Lamarckiana produces two kinds of gametes, the typical or 
this /aeta, and the velutina. Each gamete has a lethal factor closely linked 
with the character factor. Heterozygous combinations give good seeds, 
homozygous give sterile. If one of the two lethal factors become “vital,” 
the O. Jaeta or O. velutina mutation appears.—M. C. CouLtTer. 


Taxonomic notes.—Miss BuRLINGHAM® has described five new species of 
Russula from Vermont and one from Massachusetts, most of which seem to 
be rare. 

SCHLECHTER" has revised two African genera of the Orchidaceae, Schizochi- 
lus and Brachycorythis. In the former genus he recognizes twenty-five species, 
thirteen of which are new; while in the latter genus twenty-three species are 
recorded, four of which are new. He also establishes two new genera, Gyala- 
denia and Diplacorchis. 

MorriLt,” in continuation of his investigation of Polypores, has pub- 
lished an accourit of some of the resupinate forms which are rose-colored, lilac, 
red, or purple. He presents twenty-six species of Poria, five of which are 


8 Mutter, H. J., Genetic variability, twin hybrids, and constant hybrids, in a 
case of balanced lethal factors. Genetics 3:422-499. fig. 1. 1918. 

9 DeVries, H., Phylogenetische und gruppenweise Artbildung. Flora 11-12: 
208-226. 1918. 

10 BURLINGHAM, GERTRUDE S., Some new species of Russula. Mycologia 13: 
129-134. pl. 7. 1921. 

1 SCHLECHTER, R., Revision der Gattungen Schizochilus Sond. und Brachycorythis 
Ldl. Beih. Bot. Centralbl. 38:80-131. 1921. 

12 A., Light-colored resupinate Polypores. III. Mycologia 
13:83-100. 
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described as new. In a later publication*’ he considers the resupinate forms 
in which yellow is the predominant color, presenting sixteen species of Poria, 
seven of which are new. 

BLakeE™ has revised four genera of Compositae (Asteraceae) which are 
restricted in their distribution to the tropical and subtropical portions of 
North and South America, as follows: Acanthospermum (eight spp., three new), 
Flourensia (twenty-three spp., five new), Oyedaea (twelve spp., three new), 
and Tithonia (ten spp.). The revisions include full bibliography and lists of 
collections. 

KAvuFFMAN'S has described a new genus (Isoachlya) of Saprolegniaceae, 
which is chiefly distinguished ‘‘by the presence of the cymose or Achlya 
mode of formation of secondary sporangia, coupled with diplanetic zoospores.”’ 
It includes three species, one of which is new, the other two being trans- 
ferred from Achlya and Saprolegnia. 

Naxkar® has published a detailed monograph of the Caprifoliaceae of 
Japan, including 7 genera, 91 species, and 33 varieties. Besides the 15 new 
species, there are numerous transfers involving new names. 

Kupo” has published an enumeration of the Labiatae of the Kurile Islands 
and Yezo Island, with full bibliography and citation of collections. The list 
includes 38 species, distributed among 21 genera. A new species is described 
in Teucrium and in Scutellaria. 

Britton and Rose® have described a new genus (Neoabbottia) of Cacta- 
ceae, a treelike form previously named Cactus paniculatus Lam., and later 
Cereus paniculatus DC. It is a monotypic genus of Hispaniola, dedicated to 
.Dr. W. L. ApBott.—J. M. C. 


Physical properties of protoplasm.—SeEIrriz® has carried out microdis- 
section of protoplasm from a number of lower animals and plants, and his 
work leads to the following conclusions. (1) There is a plasma membrane on 


13 


, Light-colored resupinate Polypores. IV. Mycologia 13:171-178. 1921. 

%4 BLAKE, S. F., Revisions of the genera Acanthospermum, Flourensia, Oyedaea, 
and Tithonia. Contrib. U.S. Nat. Herb. 20:383-436. pl. 23. 1921. 

1S KAUFFMAN, C. H., Jsoachlya, a new genus of the Saprolegniaceae. Amer. 
Jour. Bot. 8:231-237. pls. 13, 14. 1921. 

16 NAKAI, TAKENOSHIN, Tentamen systematis Caprifoliacearum Japonicarum. 
Jour. Coll. Sci. Tokyo 43: art. 2. pp. 139. 1921. 

7 Kupo, YusHuN, Enumeratio Labiatarum specierum varietatum formarumque 
in Insulis Kurilensibus et Insula Yezoensi sponte nascentium. Jour. Coll. Sci. Tokyo 
43: art. 8. pp. 59. pls. 2. 1921. 

%8 Britton, N. L., and Rose, J. N., Neoabbottia, a new cactus genus from His- 
paniola. Smithson. Miscell. Coll. 72: no. 9. pls. 1-4. 1921. 


19 Serrriz, W., Observations on some physical properties of protoplasm by aid of 
microdissection. Ann. Botany 35:269-296. 1921. 
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the surface of all protoplasm; (2) physical considerations lead to belief in a 
differential surface layer of protoplasm; (3) plasma membrane differs in 
physical properties and probably in chemical constitution from the protoplasm 
it bounds; (4) the membrane is of high viscosity, probably a gel, which readily 
reverts to a liquid sol state; (5) it is capable of ready adjustment to changes 
in contour and area; (6) protoplasm in most cases forms a membrane almost 
instantly on the surface; exceptions are due to extreme liquidity; (7) the 
living membrane is rather delimited from the inner plasma, but it cannot be 
isolated from it; (8) the degenerated, coagulated plasma membrane can some- 
times be isolated, being then of finer consistency, elastic, and exceedingly 
tough; (9) the nucleus and vacuoles also possess protoplasmic membranes 
resembling the outer plasma membrane; (10) the thickness of the membrane 
is probably about o.1 p. 

Protoplasm, when dissected in water, in most cases is immiscible in it. 
When it is miscible, it is caused by extreme liquidity or disintegration. The 
immiscivity is possibly due to the colloidal and chemical nature of the proto- 
plasm. The absorption and retention of water by protoplasm are essentially 
inhibition processes—Wm. CROCKER. 


Food storage in cotyledons.—DuGGAR” has found that removal of the 
cotyledons of the pea seedling at an early stage of growth causes a much slower 
development of the plant, but their removal after the food is largely withdrawn 
causes no reduction in growth rate. Removal of the endosperm of the corn 
has far less effect. Glycocoll and sodium nucleinate in water culture partially 
substitute for the loss of the cotyledons. Asparaginate and alanin depress 
the growth with cotyledons removed. The author is to run experiments in 
sterile conditions to further test the possibility of organic materials substituting 
for the cotyledons CROCKER. 


Disease resistance——McLEAN* concludes that Szinkum mandarin is 
resistant to citrus canker because its stomata are of such shape as to exclude 
liquid water and thus stop the entrance of the motile bacterium that produces 
the canker. The Florida seedling grapefruit which is susceptible to this 
disease has stomata of about the same size, but they are of such shape as to 
permit the accumulation of liquid water in the stomata and allow the entrance 
of the bacterium.—W. CROCKER. 


20 Duccar, B. M., The nutrition value of food reserve in cotyledons. Ann. Mo. 
Bot. Gard. 7:291-298. 1920. 


2t McLEAN, F. T., A study of the structure of the stomata of two species of Citrus 
in relation to the citrus canker. Bull. Torr. Bot. Club 48:101-106. 1921. 
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